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Abstract of JP 2003229813 (A) 
PROBLEM TO BE SOLVED: To provide a method 
for retransmitting coded bits by a transmitter in 
response to a retransmission request from a 
receiver in a mobile communfcation system. 
SOLUTION: The method comprises the steps of: 
determining a modulation technique to be used at 
retransmission as a modulation technique having a 
lower modutation order than a modulation technique 
used at initial transmission; determining a puncturing 
pattern in accordance with a retransmission method, 
and selecting as many coded bits as the number of 
coded bits that can be symbol-mapped by the 
modulation technique selected among transmission 
coded bits punctured by the determined puncturing 
pattern; and symbol-mapping the selected coded 
bits by the determined modulation technique, and a 
transmitting the symbol-mapped coded bits to the 
receiver, ; COPYRIGHT: (C)2003,JPO 
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yi^-Lfzi-y^^)v<7)mmm^t-^^m^izim-rm 
mmm i^x^ at\ mm^m^*^ ^ c^mmmmzmm 

mimimmzmm-t^^mim^^immzmm^ 

tLfz^m^^^y)imco^mii^^zmiR-r^mmb . 
msmi^ij^iznj£iLxm^u-<^-y^miRL. mia 
MiRLfz^ii^^^-yizj: 0 mi^ntzismn^^t^' -y 

ht-kmiimiRLfz^m:fjMz>yt^>].'?-yt°y^^-^m 

mMmmLfz^^it\^'yh^mmsiLti^mif^t,z>' 

y^:/i'-?'y\^yyLxmMi^imizimi-^tmt . ^ 

immms i Brria^^-^'ftf.y hiosfi?tt3v^T, mm 

eMW-^^bf.y mmtcfE3*§n^v»w-^T[:t;-.y b 

[it*:i4 ] Miaw-^^tt:- .y hcommztiux . mm 

fEitw^^b t- ./ b 4^ , mmmii^m^ ^nn-it^' -yhtmn 
mizmwmHS:^ -^n^itt:- -y b ^Mim.mmznm lt 

■g.^-^-ft,t:-y b^i^i6-^Stl.fcgp?L^N°:5'->'tcj; 0^ 
TLLTSilSfil.W-^'ftb'-y b^SS?L. ItfieSiRt/^ 

^f-^^bf.y b^#^m^Blf5£^t)l:^^^c>'>■^";^v .y e 

■n^ii "omLmMn^nz^m-mmn^b. 

mtm\'m-}5^^znm^^xm'^>^^-y^mw. t . i^ia 

b ii-^mmw^fz^m)ii^\izi^yTr-iv-^ -y h-yy^m 

^T^if-f-fEb ^y bifc/S-tttfO^^^-fbb'-y b&iSffi-r^SJRgE 
miaSJK L/c«#'ft:b -y b * IttiajllR Lfz^MUMz^y 

y^^iw? -y b yj?' t T Btnasfi^istceis-r t . 



mmw&mio^iznmLxmK^-^^-y^miKL. mm 
mmLfzm7i^^^~yi.z^K)mmw^ib^hc7)w^it^' 
■yh^m^L-t^mTi^t. 

msmmLtz^m-jjMzi^yt^ji''? y ^^yy^m^^n^- 

^tb'-y bSriStR'f-.S.Jta^cDRlf^-^^^MitSr^fej^L , m 

m^n^-h-hcrymm'wmt^ y b <^znLxmmfm-7x 

mmM^ Ltz^-)j^^Zi^y:!f^)V'? >y by 

^gpt, ^^t^:ih^mwih-t^mim5{z%m<^mm 
mm. 

imimi ] mfiasfKgPii. 
mtm\iM.:^^<.zn)B Lxmv ^9~yim¥.L.mm 
wsivtzmiu^^~yi<zx^mmm^m-^<7^mm\L^ 

-yV'kmi-t^mi^h. 

mmm-^w-^<^BM^mt^ y b ^ms^^ $ 
Bttfet?-7vt^>y h4J. mmm^Lfz^m-fj^i,zi^y^^)v 

-^^y^^y^-^m^^^^it^-y b^;t'(t«o-!fy^t^r>y 
atf?-f-|>.'>°i^vbMK@|5i;, t:^t^:it^mWLb^^m 

iRJiBtiBiKcoiuia^g. 

[ftii^^s] ffliass?M{±. t^riam§nA^w-^'f^:b' 
•y b . SSJ^^S^ftV v^f^^tb' y b ^fS^tS^tcSiR^-l. 

[ mim 9 ] friaa^SEJi . mm^Ti^tifzw^^t^' 

■yh^. imizim^ti^j:\>^^i\:\^'-y h^mmjizM 

iR-t^^b iwmb-tm^m 5 (ciaKiotuie^Mo 
[ tmm 1 0 ] MiaajKa5(i . tuiB^?L $ ntzw'^it 
b" V b tf. mmmti^m^ ^n^it^ -yhb mMm^zmmm 
tim^^^^-it\i'-y b ^rmm^mizMi^Lx^mzmm 
■t^zb iwikb^^ni^. 5 i^zmmcommi^m, 
itmm 1 1 ] ^^^^b-m^Mif^miz^ o m^is 

tLtW^'{t\z'yhi:^libm^^iitz^^^i}'-yizX 15 

m^lLxmm^tihVf^^t^^yh^:miRL. mimiRL 
Jt^^-^-fCb- -y b ^ixm^ms^m^s^cc yt'il--? -/ 
b y t y 4<;uto^iJ ^ j||fi:||;&> h Sft^H tcgoM-^-l. 

^Lxmmm.m^tim'^^t^'yh^nimt^:fjmizt5 

a3t^:5-5ej: ^muKcn^myj^izmRT^mmb . 

mmmmif^izMm-t^m^u-^^-yiz x o mri^iv 

fziiMw^-iti^'-y b ^BlTfe*;^ $ ir^'t^mmc'^^y'^'^ 
dr^y btfO^fJti^ffiL. ffliiaai^<7)~9-7'yN°^^>y b^O^lJj&^^j 

mmm>iRLfz^m-^^<<z=^yTr^)i'^y\^yy«imfj:^n 

-ftb-y bS*^i(tc7)t?-7VN°^r ^WSi-th)m.b . 
l^faalRLJt^f7•V^°ir.y h^«jj!ct-|.«=-f-^t:b'y b^ftf 

laSfKtJt^^rjSi^ci^yjJ^Vbv -y ty^t-cMie^fi 
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m^m 1 1 izam^mnum. 
im^m 1 3 ] mimmco^y^-i'y-y hermit, me 

[ imm 1 4 ] fuf e-tf 7V ^° ^ ^ b w^o commzi5 v •> 

-C . IglBlf >y b ^ «5tB^tjlfK-r >! i: 

•y b ^^m'jizmtR-t^ z t ^mm.b-t^tmm 1 1 iz 

mmmmiz^j^-LXizmzmtR'r^ t ^w&.t-thm 

[ if ^^a 1 7 ] i^^t-^ h rm'i^^mz j; d tti:tF § 
Kh^^it^'yh^^ihi^^^tifzm-iif^'^-yi,zi *) 

^cw^-ftt-y h^nm^m^mif^zzyyTr^/u-? -y 
^'y^-Ltz'^y^^jv-c7)mmmm:b-^^imiz&^m^^ 
wmmm>':^r-j^x\ mM'smm-^i^^cowmmmmznb 
® LTBfriBMfin^iW^tf.y h ^mmm-t^mmi/zi^ 

MiBBeMB#(cffiffl f s Mmm:tf^ ^miRi. m^mm 
mmizmm^h^mjj^^^mimmi,zim^tifz^m 
-jj^x ^i&<k<7)^m-jj^izmm-mm^b. 
mtmmmij^izMm-t h mu ^^-yizx'omi^it 

^•y Vm\\,Z^W.-thJ'<'r y V^Mb . 

f-^'r-y V^m\R-fh)^'7--y VmiW>b. 

IBmtR L fz^myi^^z ^ y ^^)V-? -y t y L X fj IBS ft 

[ft^^a 1 8 ] mtmm.(r>^y>^'r'y hso^j^am 

WM 1 7 tciB*fecotfriBsa„ 

if^fbb-.y mmmj^mv^^^\Yy£ -y vx-m^^h. 
fzmk^y^ -y h cnn t . mnmzmm&m&,\ ^ ^-^ 
^t:b->y vx-m^^ix-i-zm^^yj^y-y V(r>nb. ^-h^x 
h^b ^^mb-r^msm 1 1 (cibkcomib^s^ 



[I15R3I2 0 ] H^)IB^^•^r -y hjlJRg|5{±, tulB'fPg-^-r 

^ -y b ^ m^mi,zmm-ti> :ib^w^b-t^ m^m i 
9 izsm<7)mmmm. 

[ tmm 2 1 ] MiB^ -y h mtKmi± . mm^y^ 
■y ]m^z\m^m:'^^^y'j~^'r-yh^m.^mzm 
m-t z b ^:^mb-rm-^JM 1 1 izMm<7)mnmm. 

[|f*iM2 2 ] fjIB'Nir -y h^^Rgpji:, tulBlf IB^f 7- 

^y b t Hfrfa*J*-9-7v s'^r -y h iWismmi'uzMmL 
xx.mzmiR-rh z. b ^^mb^^mmw i 9 tcfBK<7) 
HtrlBSMo 

[0001] 

mmmiyx^j^xc7)T^'~^i^y^m'^m&t<^ijmzm-t 
^ijcrjx\ mzn&mmi.z^^^mj]^t:mmi-x'f~ 
^ ^mx^m-r^'&mRU:ijmi,zm-t^ . 

[0002] 

^^°^■y ilft, 

|nIW;^5e( 3 G P P) 3 GP P 2 ) izm-^^ti 

-i.^3wtPttafi^x^ATi±, ftfpWoiiSi 

T V ^ S . ^combLX. luiB 3 G P P -Ctt^SSJli^ri^lv \° 
y btS^(High Speed Downlink Packet Access, ly, 

T, H s D p A) ■n^^zM^hmmimmifimfj^ttx 

tolB3GPP2T{i:l xEV-DV(l x Evoluti 
on-Data and Voice) t^zn-thmmt^mtm^l^tlX^^ 

At- 2 MbpstJLhtOfta , ftia«t7)4E|S7^- ^ y >y |. 

b'x tM-r mm:m'fz^<^-m-h(^Kmiti:K 

m.b\^o^bti-x%h. -u. mKm3Wit^mmmi^ 
x^Mzmmt^m4Mimmmm'^xi'j^i±. ^tiw. 

LX^-^t. 

[0003] *E^ff-C^5}I, «n°n«c7)^- ^'^f-b•■X 

im»-tti^^-^^mmi,mmi-^^^)i'miMi,zh^. m 

t i ft-^fl:^: COmt - ^ b" - -f >' (Shadow! ng) , 

m^mcofmRz/mmtcmmmmzx 5 f ^y r^-m 

ffl^tc^jb § J: d tc'Sr „ 1^-5 T , mriBiOft3a*Sil£v-'- 

^vN°ir.y h^-ii'x^im^^fziht^zit^ m^(^m2^k 
it. t fzi±m 3 mmmmmi-x r a-c-^ § tt^c-^ 
6'j^j:mmmz. mMi'-r^^fmmco^-iuzM-ti.mm 
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-CV^^3GPP. 3GPP2'Zim^^m/'^—rj]^ 
( A M C S ) RX/m-^niiM-Jr^ ( H A R Q : Hybr i d Autom 
ati cRepeat Request) ^ t'^iftMB^tC tlX^^h. 

[0004] mnmmmmx^-vyj^nTmv 

noise ratio: SNR)*ilJSLT, ZflizM-ti>WM 

^tifzimzm-^^-^xmw^^^mjf^tif'^-m^m^^ 

^^mjjJ^lZlt^ QPSK. 8PSK, IbQAM^t/;' 
6 AQAM^^b^-^^^m^tiXtiK) miiW^-mi-zl± 1 ,/ 

if^^mm LT I, >'X^M.Timimm{i,z{SM Lfz 

tT«i:iS<^^ti:&3^(l 6QAM. 6 4 QAM) 
-^^3/4Srjiffl-r^o t:^>t, 'fe;^(7)ii-^t(L'i&t3l2a 

LJtsi*^ h:com-^utm:^mimiQ p s k . s p 

SK)i:ffiv^^?-f-^l/2SrHffl-ri>= icoj; a^lfiie 
^cr,-^^lzit^X . "fmm^^m^^ ZblzXK)^i^ 

mzi^x^i^ay^m^m^^-^iX'j tc^^. 

[00 0 5] mmm-^nimif^i±. ^mizim^tLfz 

>'^'$ij»K5S^si*-ri. o mmm^zmim-^nmrnu^ 

{i-^x^'XayyS'-f y:^r3t(Chase Combining, lilT. C 
C), ±i^V fy^yiy—MilUo^iVull IncrementalBe 
dundancy. lilT. F I R)RX/^j^mV ryify^—m 
Jt]3^r^ (Partial Incremental Redundancy^ P I 

R)l,ZS.-^-t^^t^'^X-^^. 

[ 0 0 0 6 ] ijiac ammmmi^z^mismt m—crt^-^ 
^ -y h ^mm-t^i3^x%^. mtimmif^i^zj: 

^XUn&M^tltiJ^^ 'y h tsiw<-yyTi>zmm^ti 

X V ^fzwmi^m^ ^° .y h ^ 3 >- y-r « i o i 5 
x\ ^i^mt,z^36Kmmcr>jtmi\m}^^n^^bi}K' 

[ 0 0 0 7 ] HtrieF I Ri.in—c^>f^'r-y hcoiXh^><z^ 
Vc^i^i-X-m^^KtzJ-^'r-yh^mm-th^bi^zX^ . « 

mmzhi''{m^<n^m^^m^^h:Hmxhh . hp 
f«-f-if§, mmm^><z^m^ii.fzmmf3i-x\i^x 



utBF I Ktimie.cc kr)m.mx'hh . 

[0008] mlBF I RiitiP^: 0 . luieP I RiiSS 

3MB#(c, ftfgb--y hi:Sirfc^c-fJ#b'"/ bc^ffi;^».^;bHi:-C 

Kfzmm.'^ 'vYta y^U y-ti> t c J; 0 s WIBc c 

LXU-W^ti-h <! i: t J; D , Mie F I R t i> m^S!r* 
Sr«I.J:olc=a--l.<, mrlEP I RJilulBF I Rj: 

i^a^^tav^W^fW^^L. -^e^tcmrlBF I Rfclu 

mcca)'prsms.cr)m^i^^-ti diz^j:6. mr 

m^tih'^^x-h^mm^^^^K m-ox. ^ti^titzi^ 
x7-^crifzMzmMconmim^-t^(7)i,mM^^tx' 

[0009] HfriEjfijtE^iw/n- v:fmtm9m-^nii^ 

mjj^ii. y y^co-h-f^^f\^^^t^zM-t6mmmti^m 

fist, iif^^3^^5t-|-x-:^'^^°^^-/^*%Msn, s 

t^felfc-tS**^. Seil^SiR^S. rtKcMJCLTS 

mmimii^m^(^wimwiSi^smLx^i^m}^^it 
fzm-^Wii^mij^izm-^i'^^xm^cri'f-^-'^'^r-y y- 

[ 0 0 1 0 ] a 1 {i:Bt#tO«5IyN°ir y ^^■_^g^(7)/i 
i6c7)31filHijiO-M^ ^ L/C t iD-C\ MIBH 1 ^^^^ 
^^fUW^'it^ 1 1 2 * W^c7):^lcilSfft-^ i t J: 

"9- HtriB^«^rais^if/=?-b':^5»:i:«-^Sf53l:5^ 

^mm~t^^tt^x^:h. 

[0011] ButBH 1 b . ^■^'^-;^ff^^l:gE 

1 1 2ii^^b^jimx'm^^ti6 . mii-^^>m 

CDr-'~^t^?^tl^ti^ b . mmm O ^tllE-thfzHbl^zm 
iBW-^HTWIt^jttff-r^. iit, tfilBMWfPl 2 2 

tm^^(^tiit)ipm<7)if^i,zmiimxm7iLx^-r^^ 

;i-^y^U-^<i I4lcai:^i§-ii:^« IS 3 Wt^i&jifs 

i^xr-j>.x'ifmmco^)^^?('f^ T'f—^comm.^h^ 

MStH 2 T-^ LT . MIBH 2 T'iS LT V ^ I, -?-ir 
^T^-fbSE 1 1 2 iiftW-f-**^' 1 / 5 T'^b I. 
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2 0 0, ^TLg|52 1 6M.W^-/ yr 20 2X'mf&^ti 

J ypfil?. (Shannon 1 imit) ti— Sififg-rStt 

^^^}V^~9<yym,t. 31^3 GP Pi; 3 GPP 
2 T-jltT^'-r* -g. MIS H S D P 1 X E V - D VS 

2 0 0cOtfi:i](i'|f 18 (systematic) f-y b hflj^ (parity) 

fi-f-T35 h o MIB^LM 2 1 6 «4l?iB^f -f^ 2 0 0 c^ffi 
BUia:5'-^W^2 0 0 3&^/i>«ffl$gt; -y b hflj^f 

>y mW^^y 7 r 2 0 2 tclSl^tc|?iR-ri. ^ h i 
[0012] fiiBIl 2 tTli^BJt-^ h.x-n^fi 
^S2fflc7)pJ^h--y bv'^-A(Yi , Y2)tm^J^il 
fj^fv h7^-i.(Zi , Z2 )(ctB:J3§ix^, mm 

fg f -y h 7 ^ ( X) ai^lriafij^h- ^y h 7 Ix-A ( Y 

1 , Y2 , Zi , Z2 ){immi , 2 N 

cofEiS#et:»7Lg|I2 1 StA^^tLSo mrie^7LgP2 

1 6{i|fffBlllt^$lJffllgEl 2 2*^(^c7)$lJPfi-^tcfi!-^T 
^?L^N°^->-(Puncturing Pattern) Srg^Jgt, Ht)IB?;li/E 

A(X)&t^'HrjtB(OfflM^S*J*fc"''y h7^-A(Yi , 
Y2 , Zi , Z2 )&^TLL-C, Efra-r^ffilgb-v b 
(s)i;*J^b'-y h(P)co;=».^ai^t-.&, icoi^, 
-^W^tff2 0 0 i;tuia»?L§l2 1 6 t coraltCVN''/ :^ r 

2 0 2 ^M*-f--l. ^ h cfc 0 . «^W5)l:'3 5et0fl:J|^ 

I R (Incremental Redundancy) BfSiM 

-I., fie -5 T, l5lB:?'-.-i^'1f^Sff2 0 OcoeW-^^ti^-p 

■r^?-f-Yi:$tL/s<?-^^iib--y v^w-^mtf^wr2 o 2 

ffltT^ii&ffi^)§-ii:S„ mlE^-^'-y 2 0 2*iffiffi§ 
tL^v^^: . fffEilB$ri:(CB(IB^-^"1*-^2 0 0 1 J; 

mfE^-^ >y 7 r 2 0 2 &<£ffl-ri. i; . «!f*tt*>ffiT$ 



fL§to-c-\ H(naiii<7)^-r^-;M i^^y-^-^i 14m 

[0013] IM'Lfzk^ tC. fufE^?Lts2 1 6-?-^?^ 
-ftb .y b ^ m-r-l. J^SIfi , mim^^ t fuiB«-^Bfs 

bizx'o. msimtmmmi^zm-c7)y^^ -y b ^mm 

FJfS««=-^*^=^M-^TtuiBW-f-^tb-y b ^WIRb-v b t 

b- V b (Dm^-^i:>-itizmK l . n^m^ r t 

^fj^b -y b cr,^^^h^tl>zmi^i> Zt^Z^-yX.^ 

?L-'^^'->'lC[XYi Y2 X'Zi Z2 ]<^»^-ft,b'-y b 
fimiz[ 1 10 0 0 0] ^HSffiffl-r-l. . — :>eoASJb' 
■y bt*fLrX^:Yi ^MftTtfi^J^-l^:. SO^Ob'yb 

b vb&ScttTai^Siir-S.ii:*i-C-S.S. HKtcF IR 

(D^. ^mimmtmmmzmmmiJ^^-yiz^ 

tl^tl[ 1 10000;100001]^:[001001; 
0 1001 0]^i^m~rht, 2j|l|cDASJb -y biC>ffL 
TWaSiSmdiCXi Yi 1 X2 Z2 1 ]<7)Jllimcai^J 

wmmmzi,i[Y2 1 Zs 1 Yj 2 Zi 2 

(cm:fj§ix-S>, 13^^=0:*^-^ 3GPP2-r-« 
iRtTV^.|> l/'3rj-b&ffiffl-r§«-a-tc{i:, Iafail2 

x^Lx^^hi^-^^^m2oo bmL^2 1 eizm^ 

izmmt^^t^n-^^. 

[0014] fffiail 1 tcS-^ViTMIBBJEE^lH/rJ- b 
-rJ'OfEj^i^^SiHH-r-i.t. ir>t=Sr^N°^r-y bso 

emtismisc^swsB 1 2 2-c-!ig«^*^^>g3i§n 
ft, Hiria?*s§fL/^^tffl*i^^:W-^*&t^i^i65g«^fL 

^c1S^SgjM^r5^(cS^\>TMiBMmi 2 2l±mM.VS 
m<7)i-<r^-^>un^i\:mi 1 2. ^iraSBl 1 6&?»-v^- 

'fbSEl 1 2 {ifjIBflsiJffllgP 1 2 2(7)$(Jf|lTT\ firia^-4^' 
1f^^2 0 OT'W^'ft^ jtfi^t/i«. tulB^7Lg|52 1 6 
•CfJf S^^^fL^ ^° ^ - y i S b -y b * jl t T 
b'v bSrtH^iS-ti:^, mrlB^^^^^t/w-t-ftgP 1 1 2T-ai 
tS^tL^W^^t^'-yhii. ^-r^^;Wy^'U-A-l 14 
tcA^ijSii- fSiSt j; d b t^^i^n^^t^' -y h^zMt 
X-( y^V -b'>-^-*i"34ff o mti^ y^V-\zy 
^-mntXti^ -yhbiajj^-y biOjfJf ^fflS^I. J; 3 

tctT7x-T>f y-7^m'^x"f~^i^y^^)V(r>mm^ix 
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[0015] mm.^^^-)vm.^m.{mi 1 8{±tfiiBSij» 
§131 2 2T-Si>6<ifL7tx-^'eaaMtissf--s.ffia7^' 

^ixh ^^yTi'^iv^munmn 122 t-^t^m^^^x i^ixti 
^m^-Ymi<znmLx^w.-t^ . mm.3i2o\im^ 

v-^rJ-H^-t-tf. [il^^-yTeS*tliISt(t;t!t(SF) 
^ffiffltT>.->I.BrriaaM^N°^^ 'y hfsMi^X7"A(7)i^-^. 

— o<7)'^:r;u>-i (Walsh) rj— Kt::fK}3|$fLS i^^-^J^VU 

^'km.m-thfzmzi.t^ ^m^y^/vzyj^ (waisw a - k 
crimm-^m^^tih . mtu\ 3.84 mcpso-^ >y 

iS^h 1 6f-'yr/^->-;f1'/l'tfOSF^ffifflt-'g>^XxA 

— (Walsh) 3- H (;^f*-r^>I t J&^' 
T'^ §fEiSM«{S 1 . 0 SMbpst^rS „ ts!-5T . 1 OM 

<n^tii'>'j-(<^a\sh)a-vimm-thtw^, m:ki o. 

[0016] 113 -ctiBfriaia i cr>mmmzMft^Ltz^m 

mmmc7)-m^7jkLx\^6 . ifrfBii3*#{st-^^:. * 
~r. mi&m.U3 1 2i±iy^'i-u yf^'^mtxmm^ti. 
■tx-izmm'^xh ■!> ^an- K ^zM^^mmi^zmtxi^ 

izihti-t^. mtmmu3 1 6{i:iriB^iffl:^rietcffl^E-r 
6mmMu^mnLx ^ ^i^y^f^MzM-t^L^i^Rm^ 

f-i yS U->'^'3 1 8{3ffi:ft-r€. o BUIBt^^ U 

3 1 8 {imflBH 1 <^-Y U -vs- 1 1 4 tcMtS-r^lf 
i: LT , HtrlBf«li$tL3^cf-:?t;i>^L-rr-^ y^U-f* 

X >- ^ u - 1> ^- § #x/i T^ - ^ , JiifrtcSfi L PI 

— c7)x— ^ f-y yy-N-f y-f-Sfcrttrj yvs' 

3 2 0 . i COB*. m.-^m^m5^\zc 



^Uy^ a^Tt- -S. ^ i: Tb^T § -g. T-\ ^ -y 7 r SOfPSI! 3 

b*>eM§iKi> i mia^s'v y r%mm 

3 2 2 ?5^S5l< S ix^ , BulB-^ s- y 7 r $iJ1ffgP 3 2 2 (i:fria 
3 WN'-f 3 2 0 C0>'^' -y 7 r ^mMR&^fltzf~^ ^Z 
MtTotWt^SiJD § <r t j: D . R-cOt-^PhIco 
rj y)^A ytfimi^ti^ i. o iz-^h , fulE^ y^"^-^ i- 3 
2 OcottiSj{i^-v^/Pa-^-ft;gE3 2 4t:A^)Sa, mlB 

f-v ^^ii-m^-tms 2 4 <iiiiiB3 y^^^-f -^320 crimti 
^zu^it ^miL. ii.m^fifzi'-^i.znLxcRcx. 

K, tfzitACKm^^mmmizism'tt. mimmm 

«tfriESftlff*^i^tfrlBNACKfi-^SrSm-t.g. t . 

Bes^rittc j; -^xmmm 1 t^iUfisssrMfiMT-r 

^mLf:z^^. mfz^j:'f-^^'<^'yh<Dim^mm-t 

[0017] iMtfctulBia 1 -y bfEjSv-x 

y-J^cr>mmmm&X'\i . T$!llipgp 1 

2 2 (c j; "9 T'-^r^tr y h c^)Wmiimmiz^!sb ^tifzm 

m^mx^~]^jj^^mmmzi,^it^j:Lmm't^-^ 

ifti:m&Lfz. Lt^L. ±mLfzi:oiz. aax-^S 
Mf--r^/P-i4-lr/l'|*J(7)^l&ffl*«7)^-ftlS.t/h' -yT5-^ 

fz^myfjfi:m/if^m^mm-t^^ti±. Mm^z^y^ 
"rJ^cri^m^i&T^-^^mmiz^^. z<^xo^m^<^ 

fz>sh. m^m^f^tLXX-^tmtiHSDPAAU'lxEV 

- D vcommtx'ii. n&mco^-^iz t mtmm^my 
[0018] -^jtc, HfEiHB*, ^ira^^s^tff^^*^ 
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Twmmmmt,zmu-t^ zbt. ^^wi^mjj^^. 
[0019] i^comt Lx. m^m&mif^i,zccim 

t S J; ^ t=WEjIB#i0^fil:^sC^^'fl:$-y:. IffiE^^t^ 
[0 0 20] tse-^T, HSTT I ^StC-r^MftJxXf- 

- h'^:e)-'iwi-<^^-^tc t , mimmiz^mij^^^it-^ 

m&^-^'r "/ V ^BflJtcatK-r •§> _ t l,zX ^ . S-Xr-Att 
[0021] 

^wm^ h\,zm<7)Bm±. m.]^m/^-^^> 

7.^M.cr)m\t^x'. miMm<r)^^m\imm^mt n— 

T- , sfra^ 0* (cs* ^fti ^mif^iz x-yxmn f •/ 
miRmzmii^m-t^ zb^zx'o. i-xr-A^ttt^f 



T'-^'^N'i^ -y h ^^m^X'^m&m^titzT-^^'^ir^y 

h b mtKmzv yvziyj u yi-hi)\ gji ^ tifz u r 

[0022] 

[iiM^ftl?^t-|>/-cJ6^^j^ia] ±aL.^cJ; 3^rse^*a 

/t*^c7)*^Bjc7)^ 1 mmz x^b. 
tLfz t ^' - >- i D t T em § fL s b- -y 

ij^i: ^m'Kc^mmj^i^zM^^hymb . ttriewraM 
fL-'^^-ytc j; D^fLsn^csaw-^Ttb^y b*^^>frie 

Li^^mii^f.zi^yTi'^)^'? -y by^tg^Srlf ^^tb' 

•y Mt^i'ttcolf-^fbb-'y . mmW. 

\^fz^mt\^-yh^m%mw.h^fz^m-)j^i,ziyy^^)V'? 

[0023] ±j*L/^j;3^rBW2rjiJj!<;-rSfc46(7)7ts% 
Hf!cDlS2EW;J;^ , ^^t^m- ^fmM^'n^mzi: D 
tii;^l§fLl>W-^-fl:b'.y h ^i^*^S$#l>t#?L^N° 
^zii^^LXim^ixi-^mt^yV^WRL. mi 

m^Ltz^mt^ v h ^K^'fiimi^mii^^zi^y^^ 
)v-7 .y \i:y^'Lfziyy^^)vcr>n^mmm^h^mm\<zm 
jUt" I. f^tt iifi i-x r- A Miasfifi*^ ^> c^Sfeiis 
mzm^Lxmtm\mtmnit\^y v ^mm-thii 
mmm-th. m^-nmu, mtmii.m^^zm.m-th^ 
mii^^^m{sm><zmm^tifzMij^i^ K>mx<m 
mij^^zmm-hw^b. m%m^-ij^\,znm-tt^ 

^r^9-y\,zX Dm^fl^ceaW-^^l^b 'y b^BffS^ 

% § ^^^hmm<^^y'^ -y b l . mmm. 
m^^y^'r V Y<^mt,^hmims{\^fz^m-)5^^zi^y 

-y b y ^'"TSg^r^f-^-fkb' <y VWm^cry^y') >y 
b ^ jliR^^iMim^ . mim^K\^fz^^)^'r 'y h 

-r s b' .y b itriBSfK L t^,: m^-n^z y y 

[0 0 24] 

BHfcfev^T, ^Wf^(r)W%(r>7i.^W^z-thm'r^\ M 

So 

[002 5] ^wmm^^'^'S'mm^Mmmtyx^ 
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[0026] :^mmcoim^j:im'cn±mtfzJ: o tc. 

mzMLx mm'j iztm-t § . ip . s**^ 4 stejis 

fflL, mt^tifz^mjj^^z^i-^xmm^m^j:^'-^^^ 
umiz^Lxtm-t^. 

[0027] ar. ^^mcommm^mt^tirmi 

^mLxmm^zmm'ti.t. <xcoxoxh^. 
^WMi,±^myj^i,zMm^ti^ z t ti^x^h^K ^-t^co 
itmff^^j:mm(7)mzKiLxim't^. ^-r. ^m^tih 

^mmcommmm^z ± ^mm^mmxit . ^^>m^ 

\m<^'n^mfil/2t3/4i^mL. QPSK. 1 

4 QAMT'i^) h t . Mmmm<^mm-n:^\i i 6 q a 
Mmm^tii.fz^o. ttz. ±mtfzt^xcom-^w 
imjj^izMLxmm-ti>^^^mm-t^ » 
[0028] ^^m^zxhmimc^m i mmmm 
m4ii^mi<^mmBmizx m^^wmmtm^mm 
mi^x^j^comm^m^i^Lx\>-^^mxh^. mmm 

4 X^ LTV^^3Mfit|tO«lt^ lulBEl 1 &L^M2 t tm 

[0029] i?ieia4 immLx:^WMcommBmi,zi: 

W^^miZlit'yXnmt^rifzVtnif^ -y h*^Vs;./ y r 

A 0 2. ^zmm^ixh . ^ LT . mimmv^-y humm 
SP4 1 2i)^C:><r>^nmi.zn-thmmmfmi^fifzm-^ 
Mmm-^^zi:^xmii^A o Axmmi^zm^i^tit . 
mtmi\MA 0 4 i^im-^mi^ma^t-zi. -yxmm^it 

■h, mtm-t!nismijm^ccxhhmi^\,z\t^ 
imtm^mmi^zn-c^m-n^^s-y^mm-th . L-h- 

L. mWrn-^MiUmi^ti^P I R<r>%-^t f i Rct)*!^ 



MfeiHS^i/cffffib'-y bi:*lf3t^r*J^f.y b^^tti 

$ S J; -5 tc-r-g. SfeM^f U ^° 3? - >- ffi ffl-T S . fi 

b->y V^7*.ti^1^^tL^Xoi,z-t^M^mmKr^9~> 
^ffiffl-rSo t35-t. B5[ia^?Ltl4 0 4tcJ;'9tli;^)$ti. 

-s.^?-^-fi:b--y hc7)iE{i:, ^{mRvm\wzmm:L 

sio-c\ zixf.z^hM^fzisb\,z^m. m^w<mTi^~ 

h -7 'v^y^'mmi^rLfz . :^%mxmwmwKcr>fz 
nb. miu-h-^^y^yy^zMi-^mm^^Mmit^a^^ 
h . MiB^rL^4 0 4 <r)\iiMmmsm^i>z^'&^ftfz 

^n^m/^m-n^hzi%-^^h±^^(r)'f-9xh o . 

mhtzm-^Mismj^i^zw-^xm^i^^^t^ . 
[0030] sfKMvxi?gi54 0 biwmmii^fifz^ 

mt\L-yh^^-nt:mmfiLx\i^-ii^^., m^\t. m 
immm^x^w>A o 6\tmM^mmz{mtim\MA 

>j -yN'4 0 8 tcffiffi-rs . ztnmm}mmmf.z 

immmimA o 4 j; o fEii^ § if-^-ft b" -y b t^^^^ 
'^^^^tx.]i!,:h^tLh•b■^t:>xhh . -:fj. ^&mm^z^m 
yr^t^^^tim-^. mi^'i\:^tLrz^ij^izMm 

LXmrnmimA 0 4 *^i?>ff ffi^nSW^-fl^b.y b 45tO 
ct -5 T Mia^f Ltl4 0 4 T-OiS] $ fifz^mt b -y b 4^(7) 

0 4 (nmmt^ -y h ^miK-t h -)i=m-^%m(r>^^x 
nm^<7)--^xhh . -Mi:i>iiBWE3i^x^gi54 0 6 
\mtmmmA 1 2m\mrx\ wscovx^'Mis:*^ 

ISL. ffrlE^BSiL/ivx^'KStcj: OlfrlE^?'Lfl4 0 4 

;6^'^<7)<^-^^l:b^y v^^:x^yy^hzti,ziiy) ^ ?m 

[0031 ] m%miSm^X-^A 0 6:d»/?>tg«§^xS«= 

-^^Lb^y bti, BlriB-^ y^"j-^N'4 0 8tcA:^3§ti-^':x 
^'«J-b>i?-§iX}ta, ^I)SgB4 1 OWftffiSfLS^ ttr 

iB^iigi54 1 o\±M\iimmzm\L^Kfz^myi^t<z'^-o 
TiiriB^f u-^'N'4 0 8*^i;,<:o^?-^-fbb''y v\iznLx 

^m^m^-tt. mui. mmms^><ziti eQAMt 

J; DMIB«^-^^kb-y bSr^lfflt. WsiM^tctiQP SK 
*«fflLTB(fiB«^-^'fkb>yb^^Pt-.S.» i>L. W^i^ 
m^cr)^m-^^-h^^ 4 Q AMT-A 1. 1 , BealiB#^?)^P 
l 6 QAMtC^:l>fi^ -5 » l^-oX^ *}fflf5jMB^t: 
{±-oc^i-y4i>^;6M b>y b^O^T-f-fLb-y bT-«fi!i§:fl 
ttK mS&mz1,i.—:>cr)i^y^^}Vifi2\zy bco^f-f-ft 
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[0032] -Js. ±aiL f^ll4T-{i;*tT-^^t:j; DtU 

^^LTv^-s., L^^L. wiBm^ 4 0 4 izm$mim 
^ 354 0 6 (ommiWi^-t^ zbii. fzrmfR±<o 
mmTh D . mmmizmt^n^^mumzj;:-oxm 

[ 0 0 3 3 ] ±a Li:zmm4 £7)«j5g^fl-r-&Mfttl^ 

mm^hm^. ztii,zMmLfz^mm±mm3(D§m 
c^m-^wmm-jjj>ii<zim^itfz^-^ii. cc. ttzu 

I Rlzmhi^-fmBM3<^)^<-/yTmmB3 2 2c7)SiJfflI 

mm^tifzn-^m. ^m:f]^Rx/m^mmjr^^j:fiz 
mx'$)i>. 

[ 0 0 3 4 ] m 2i^^wncomm.mmi,zx i>«=-^^^m 
^mm^mmm '^x^ax\ mmmi^z^it^tifz^ 

^mm^xmi-tmmm.tit:^^Lx 

[0035] BtrtBH 1 2 j; I, t . ±mmt-^^^mi^ 

^zmtx^-^^Vt^mzx oit-^^t*^mf§fL, MfKs 
nfzw^mRum'^Mim:ff^izm':s\> ^xm-^^ tifz^ 

[0 0 3 6] mlEHl 2^#Hg-ri.i:. 1 2 1 oapgT 

iimMm. ttz^mimmzmm-ti^^m(R) t . 
^mimmizim^tifzT~9mM, m 
iBRisBfriBMi t-m&^n^ 121 2^m^zymnh 

xim^-i'^m^^^mzx ^^^^^jv^^^itLx'^^n 
•fbf-/ b*aj^-rSo mtm^itifmrr^fifzm. 12 

b'-y m^la^^^°^-y^±MB^5M. ±tz 

\,±mmm^zmm^fih^9.-^n\imi^i,zi:. mji'^^ti 
hzh ifix% s . lutB 1 2 1 4 mmiv- Y -7 -y 
i-yi^mm^^ti. 1 2 1 6^^x\ wssmmmitm^ 
mmt^wmimx'$)?>t\ wfEiii(Re_Tx)T3b^** 

i>L. MBl 2 1 6ai!gT-Sf5ilT-S>^J: 
fJirS^x^^:. 1 2 1 SSfe^T-tfrlBi^SStLi^cMi ^ff 

mmmizi^m-tt^jj^iz^ 'omi^^^titzw-^it 

a. mm-^^^yymnm^T^tLhfjK ^mimcom 

1 2 2 ogpttcii^f tTI«fB^?LS!K>^c^?^'ft: 
b'-y h . ttzimMi-^x^y^^tLfz^^-^t^z-/ h 



>'^'U-b'yi?' t-cai:'3-r.|.. mrlB^-v^^/M 
y rS' >J -b'y^-A^^T^iX'S. , 1 2 2 2mmXmi?M 

WiikmXh ^m-^lZii 1 2 2 4iSP^t:»^TL, ^JjSlfEjM 

T-fc-l. ^s^JHItS^-I. 1 2 2 6 imHcjt^T-r-i. o mfta 

1 2 2 4®iigtciifT-r'S i: , wimmzim<xco^mij 

mm^^ ix-^> i > j; -o T . temtg=Srx-^'MM , 
^lulBMi ^OW. HP*>Mi XO. 5l,zX'0m^'t6. 
ZcTym. fflBMr §r^^5E-r^/t^tCH>rfBMi tC3&>^iin 
i>Mmi±. mnzmm^fifz^m:ff^iz2: i, 

J;Si^y4<Vk^/iDV'ybyi?-Brtg^b-y b^cDJti: L 

xm^^tv^zbti-x'^^. mio. 5immiT^co^ 

^tizX 0 — ^cr,i^y t^Mz'7'y b>'^-5rtg^rW^Tl:b->y 
bcDit*n/2W&ML/^ii:*S*-f--g>o L*^L. mf 
IB 1 2 2 6 Sl^gt3t^f . MIBM , SrtulBM ^ tc?* 
S-ri. « mrlBMr J: , 1 2 2 Sgpgtciltf 

LxmtimK^tifzn^it^'-y h i,zMi-^^mimn-t 
mti'^m\mm^'&^tLtz-^m)j^^zi.y)i^y-^:)v 

V V b y ^W-^Sra t^Tjl^f Sii^c . tulB^lllljiag}^)^'^ 
-J^ixhh. 1 2 3 0 m'tjtif LTtul^Mt^^W 

[0037] lulBEl 1 2aimm^mmth h , lOMf^ 
«0J»-^, mrlBmSti^^W-^-ftb'-y htc^tLT^-iOSt 

^ y ^"J - b> ^'^ijilfefi^ § a , § ii^c^MI 

:H^\,zm'^\^xfm(Diyy^^}V-? "/ ^y':^'ii'mzi. ^m. 

fznn-it^'-y himj^^tifzm-^mmiim^zm'^xn 
m^i $ ti^ > J? u - b y $ fitz^k . mmmm 
m *5 imm<!Komm}5^^\mLx^m^tih . 
[0038] :=mmzj:hmm^(^w.2mmm 
m 5 li^mm^c^mmBm^zi: h^'^mi^mwm 
mm.\t>'^^j^<^m\t^m)S.i^^Lx\^^mxhh. m 

gP* TWjUftfffliGiccO^^^ L fz . 

[0039] m%m5^m^Lx^mn<^m<^mmm 

■r)cr>mmmzm'>x^i\L^fifzmmf^-y v t-y-^ 
•y 7 r 5 0 2 izfim^ii. mim-^it^' y h mmm 5 
2 0 fj-^w)Vfnmim^^mmRr/miR^iifzm.-^nm 
mjjj^i.zm -T'xmi^ 504 xmw^zmji^ tih . mria 
0 4{ja-^WEM:^5(;t;tK'5TH9iaw-^'fbb'>y 

h P I RiO*^. fejUWrfctcfifSb'-y 

■/ h t , fJ^b .y h^O^TlfljJtSfl-^c 

ma^tj^c c Tib ^ Mia^?L^ 5 0 4 <i> tfi:fj s 
ns*j*-9-7'VN°c>->y mmsmxmB.m^zm\m 
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mfie^f -y h tiff ?gb' >y h . S ;^c{4«^t;- -y h Tm 

m^iifzmmm tr^^m^^ti^'-y hmiz^m^tii> 

[ 0 0 4 0 ] ylir V hmim 5 0 6 itin^^mi^z^-oxm 
yN'5 0 8tciME-r-?.««g^»^T-rs. M;t{f. 

(cc. PI Rco-r^Tcogmat/F i Rcr>wmmcr> 

^■^). tfzi:^2mmcom^^y--'^^y h(F i Rcowm 

x^m-r^. ^c^m. f iRizx^woimcot^uim 

$ S (c^ttT^^lE-r § ^ i: ^^'T-S !> « frie^-i^ V b^^E 

b»KgP5 1 otcm^j§ns„ MiB-f > 
^ y - A' 5 0 8 mmm\z m.^ $ ti/i 2 -i >- ^"j - 

[004 1] m^^^'r y ymmm^ 1 0 Mwmmm^ 

$gt*o'v ^TSfei^-r -i. 7-'- t fcf*. im 

'{k'^^fd-zf-^mzn-r.xmm.x -iy^v-f^tm 

1 2tCtIffi§ix|,. tuie^-^^'y bSJi?gK5 1 OtiBfsM 
B#fcHfii21f$gt; -y h<r)^^.^ t.fz\±mt^m^.^ h<r)^ 

^\i^ti^^th-h-. St^C^MiaWIBf-y b i; HUiafiJ^t ^y 

5 1 0t^J;-g>A°:>--y h}SfRA°:5'-y{i. miTMUl 1 

mmx-'im^ti^. tuiB^-^^-y baw^s i ox-ai^^ 

^cni^yTr:)^? -y i^y^'^mi^zx 'o i^y^^^Mz-? -y b°y 

[0042] t5ia$ijffl)M 52 0 i±:^%mcommmPMzj;: 

fe$fjfpgi5 5 2 oimmimmz^m^x-mm^titzri^ 
V y^cr,mi±i-^ ^^ii'^tzMT^mmi^zm'^^-^x . w 



^■mt^m:fj^^mm.Lfzm. m^im&Lfzi^^-m^zx 
6, ttz. mm^iM L tz^mjo^ izm -> x mm> <y b 

jlU?gP5 1 0&t5-|f)IB^PI@P5 1 2^f|im-rS« tulBM 

«gP5 2 0 i±mim^^tLfzw^m&i/^m:tf^izm-:i 
^^X'-m^^yiDV-i^a.^^com^m^-t^ ztizx'o. 

[ 0 0 4 3 ] a 1 sii^^mnc^mmmmizi: i^^j^wi 
^mmmW'mmm=^x7-j^x\ mmmizmt^ixtz^ 
m-jj^izx ^mm-t^fzisbcoMmimcoMmmiiw^ 
Lx\>-^^mx-h^. mfBHi 3iimMm5<Dmm^^'t 
hmm^x-mi-thmmmti^^. lx\^6, 
[0044] mim 1 3 J: I. . ±m.mmt-^wm{^ 
mmz^^mRt/^m-jj^tm^mzmT^^tii t . ^ti 

fitz^^mimm.-^Mim-)jMzm-:i\-^xm.'&^fLfzm 
^j^^-yiizm-^xmwwn^tLt . 

[0045] flfjlBHIl 3 ^mmth t . 1 3 1 OKPtt- 

itmmm. t.fzimimmzmm^^^^mR)h^ 
miiMmz\m^tifz^~9mm, )^m^-th. Mia 

Rfcl^rlBMi fi^^^ixht. 1 3 1 2®|i§tJtfi=LT 
fealT^ - ^ ^ ft W-f-^ t= J; D ^ ^ ^-)V^^it t T k 
K -y b ^tti^i-rS, friB^?^-fbA^»T^iX.& i: . 1 3 1 
4 gpgtcaif tTBf^mA":^'- i DtaiBW-f-^tb' 

•yb^-m-r^. mmmiu^^-yimmmm. ttzu 
mi.)m^zmm^fihn-^n\iA*iii^izk *) mM^ti^ 

Zti}^X-i^. tfz. mfiai 3 1 4mHiu-bv.y^ 
y^'a^^-^tf, 1 3 1 eapg-CJimna^f^-fCb-^y 

-ftbv hc7)mm. 1 3 1 8SP§tca^f L-ctuia^ffis 

iX3^'[ffg^f7'VN°^.y h ^:*J^^fy>^°^•y 

u -b-y^'-'-r-i. . mti-^^^-^i-i y^ y -b>^'*i' 
^7§*is . 13 2 ommx'MiLimifinmmTh^ 

^-^^iJDtL. miafWi^S. MimTh^^-^^zlii 3 

2 2 gPaHcMf L . ^ 3 T-=5r < ^nWEj^T-*) 1. 1 ¥'Jlff § 
t , 1 3 2 4 KFti^mT^I. o frIE 1 3 2 4 mSlZ 

mn-t^b. BfriBMr SrifriaMi tc^^stfcf*, 1 33 
omnzmn-t^. 

[ 0 0 4 6 ] friB 1 3 2 2mm^zmn~t^ t , namn 
\,zBM^mts:'f~9mMr imm , 01/2. m-h. 

Mi X 0 . 5 i i9 i^^-r a , >r naBfejMBttc^gjMe 
MtJ:b^TffiJis:i^^i«:^5e&®Jf?-r-I.J:dt^r'9. Mia 

^^m.Lfzi>(fyx'hh . MiBi 3 2 2m^X'M, 

^ilSfc. 1 326®|5gt:JlfiLTHffiaf-^^vM>:5' 

>- -y b ^ ^ o BtriBfeiM^S 7V -y b ^SfK-T 
I.HIififfMiifAMSifi'l.. tuiaeM-r-l.^f7'A°ir 
-y b«OjafK35>^TSa.S i; . mriE 1 3 2 S^mzWn^ 



(tl) )03-229813 (P2003-229813A) 



■I. « BUlB 1 3 2 8 ^^-ZUmm 1 3 2 4 S®t j; D 

[0047] Mian 1 3coMm{:mm-ti> i; . tuia i 3 

^■■j6i"i«ft$^x^. MfSMi^iS^. mia^y^'i-t> 
[0048] *^BJtc J: h^\m(^m 1 UMll 

■cv^.g>«fig4^, 3MK;t{cgii6 0 2 , mtiggpe 0 6 , mmm 

6 2 0^i:H{iffliail5iOMffitlT-ffifflS:fl;tW^*. 
fp^^ ^vP^a tTff ft^a. tuia#fl5{i:HuiaWlgt» 

^\ ^x^X'^mmkWA'i'th <, 
[0049] msim6i:m^Lx^^mcommBmi,zx 

^hsm^crMf^^mm-th t . mtm5crMimx^m 

fifz^m^t/i-^-a.^^izmi&.m.^fi. mmc^)im~>y 
^nfumzinji^ixi, . mmmimxmm^titz^m^ =r 
lUi^jLi^mi. wiMTt^i-^ ^-fi-^mtx i^^'i-o y'f 
^tx.fz-^^)Vi^:i.^mmmAz^'owsk^Kh. 

^-v ^-)V^mYM 6 0 4 J; "5 ^M-ftl^ a. Mia^M-ft. 

^tx.fz--:>(r>m&i^yiti)vnm%m^^ o etstt^ti 
§o BuE«PISI56 0 6{iniiaTlPl^^*/l-^jltTi^^^ 

^ ij >'^'§^i/^^p-^5^;(cffli!Et--S:^T^tcfrftaf5jS^>' 

[00 50] i>iegE6 0 8(iA^X-^c7)t*tt('tf«-^ 



-^•<6 1 ot:^ie-rs. Hfria-fw y^'u-^^SBb i on 
mmm s commmc^^ y^u-^^^sos ^znm-r^m 
mtLX. 2 fitoMTi6^=3rxW y ^ 'J -j^xmss^^ixx 
^-^t.-mif^ y^ u -^^'i:^S2 v-'-f y^' y -A-{iMfa 

n\^x^fi^t\.^Ay9')-^yym^^mr'^h. z 
com. ifriar-^y^u-A@i36 i oxmm^tL^7^ y 
^V~\zyyj-<^~yit^ t?IBia5<?)>f y^'U-^'iiS 0 
8-c-ffiM$ii/-c-f y^- u-t;■y^^v^°^-y£7)ffl)liT■•a5-& 
<7)T\ Mia-< y^' u-b•'y:^'v^°^'-y{iVf^i^;|^neg^I 

^ y^ 1 o(±ie:--rftJM&9(.c|x;^^§:h.i,'i:^®{±^: 

—xh^. 

[005 1 ] j^-y^yh^y-fU-tb 1 2im^Mmmfj 
sttcF I RSrflgffl-r.?.B§tiS:^t^ft^t-s yryry^- 

fih^tt^X^^. MPt>. Mia^-^-/7r{i— P(7)tff8^t 

-rsx-^A^H?iia^Mdgi56 0 8i: i y)mi^ixfzm^, 

iSS^N'-y :7 r ^'afl^§^^TV^/i7■'-:^' y 7 h =» y^s-^f 

^tR$tL/::i^, mm^fii>m^^y'^^'r-yVi.zm-hf^ 

%mm^^y'f ^^ -y h iti&ik'^mitj^imm Ltzcox\ 
mii^m^ K) ^-^commMm^mzmm lx , 
mza yfu y §^xT t n y^u y%mm'm^z±% 

VI. |fria.'N°^'y V-nyjU-f-b 1 2<7:>^ti\i^^ 

[0052] H^^IE^^°^ v b^MSE 6 2 0{i. jHft^Tffi 
i:ic*^-ri.«lgtct^ -^T . lalB3]^@aSR 6 0 8 SrM 

y-b'y^^§n.f.a:dtc-rs« tTtmria^N'^^-y 

^-:^6 1 2^cj;l9ffl^E-t-S.^^°^■y MBl±(cr?yys--i'y§ 
fihiio [zmW^'r 'y h a y^s;^ 6 1 2 ^mm^h . 
[0053] mlB^-v ^-;l^ffl-^^kg|56 1 4 iilitLh. « 

-f-tit c R c^sfg(cix 5i-^§ i t //t-s •!> . friaa^ 

^{imrlB^N'^-y fnyA-^-^6 1 2A^^.tii^$iiSftffi 
b->y b tm^^-y hX-m^^titz^mt^-y b^Sft 
MfB^f■f•'fbb^y h^p^fSa-^-ft^^tcJ; Oa-f-^tt 
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izm 0 tim± L^ri ^ flir $ s t . itriab- ■/ h ^ tti^ 

Buiet'-y h<^Sfi2:flllS-r-g.E>^fl^ACK2rjllfi 
^tfKjM-ti., L*>L. tulBt'>y ^tx5-A^I6*Lfc 
i;Wif§^^'g.i;, mrfEf y hS0BgS^S*(Re-transni 
ission Request) t'S N A C K ^ MIBjIfl^tfeiMt" 
I.. ifOW. gMStll-tulBACK/NACKfi-f-tC^ 

fzmzmi^-< -yyr \mmif^fi. N a C Kft^jS^fEi* 
[ 0 0 5 4 ] 3fr\ ^MBJsO^MmitC i^WttOffffl 

^j:mmm<<z. ^mnx'i^Lioh^hmimmi^znL 

(ommmJit .1/2 a^^^m t . t+'to 

p I n^^mtt^^mi^w^w^mmm^^x^M. 

x\ MimmizmMmmx ^im:<^^m-n^^^m-t 

mn^^zMi bQAMimmL. wi&c?mm-)j^^z\,i 
Q p s K immth . tti. mmmizimimmi,z^it 

^ixfz^mif^iztj^^xmm-ti r-^ t:miK-t^i}m 
t. ztii:m^mi,z^yj<-^ yt^:tjm^mm-t^. 
[00 55] ^wMcoz.^ncommmii. 3/4 co^ 

^«»^#Kjamv^-x-rA-c\ nmmmzmmmmx 

itfO^, *)«BSiS<50^ilS:S^m 1 6QAM^^gffl 

mumz{±mi.)m[zmt^fifz^mn^^zvi-^x im 
■t^^-^^miK^^:}5mb . ^ti^Mm><z^y^^4 

[00 5 6] -t^mm^^^(omimm.ii., i/2(d^ 

^mwrnmrnm i^xr-^x . wism.mi,z%jmmmmj: 

msismc^^mu^iziti eQAMSr^ffl 
L. n&mcD^mij^iziiQPSKi:mm't^. ^fz. 
m^miziimimmiz^it^ tLfi^-jj^izm^xmm 

[00 57] *^BJc7)H#i<:r)||](iSB®{±, 3/4 tT)^^ 



6, .K^m. ^m&mco^:mjo^i^zi,±i eQAu^mm 
L . MUMc^^myj^izii Q p s K mm-t t.fz. 
mm'i<<z{mBm^>,z^it^fitz^mi5^i<z%'yXB.m 
■t^'f-^^mm-tiimb. ^ti^mmi^zay/-s^ 
y^h^miimm-^ 

[00 58] *^03i?)£# @ (^mmmmu . i/2cd^ 

L , n^mcrmmyj^iizii. q p s k srffiffl-r s , t.fz. 
mm'^^z\mm'ymhzmt^Kfz^m^^t<z%'yxmm 

y^^ifm^mm-t^. 

[0059] ^wM(7)y^ms(7)mmmmit. 3/4^w 

mmm^mmmi-XT-M.T. wmmmz^mimmx o 

t , SfEjll^o^ll:^i(;t:{i; Q p s K 2: ffifflt" „ ^ , 

[0060] liiT, :^^mxtmLx d t-timmmm 
^zx^i^^^immirmmLxmrn^zmm-t^ t , <?:o 

-rj'b'-y b^^Di . m^mzim^tih^^x'h^ 
^■_^t\y htstSrD, tv-^ai:. Tim<mi>b<m 
2 > izmm-t^ <r t ^^x^ ^ . 
mi ] 

[^2] 

=axZ), 

[006 1 ] tfjlB<ic 1 > t fjlE<m2 >T\ ^lltl;^ 
4 QAM). 1 6(1 6QAM)&t>'4(QPSK)T'ft 

fSllt'EjllS^X7t-T-^*<7)l/2(Cair^rV\ trflB< 

ifc 1 >x\ a fiMiawEiM^tg^x- :^^oa > wmmm 
tuia«hDi *i(iia<m2>t3ftA-r-i.i^itcj; 
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[00 6 2] 1. mimimmm^-miX2. pir) 
^mmm i mmmmTi± i / 2 l . p i r 

1 6 QAMs.t>'QP ski; 

[0063] :^miimmTmmi<r)i^'S:cOfzib., ^-^<r) 

T— 'o' immmmiiz^mmmbm-com^ 
[0064] mmm^z§^'ox . m4cr>wi^m'7x^m 

4 0 6, tfzim5cr)^^y-/ bilfKSES 1 Ot-SfEjlB^ 
[0065] tulBia? T-^^LT V^SEoc^Mt:^^ 

"o" {z^^.i.x\^h. mw%-^\zi5\^x . mm 
[0066] mim^mt^ i/2xh^. w^Mmm^ 

|g-^7V \°>r-y ^.^f(J^^^7■■y^° ^r.y h<7)>lcS T^fe 

m\ismmz{s. p\)tiHs&^K. mm 

B#t{i(S, P2), (S. P3)^rfco)ilimcfE51§ix 
-I. » ^OKj. luKP 1 . P 2 . P 3 « U r>'i''>>^-fiJ 

^c^^^m&r/mi-' ^^-yizvt-^x ^miz^^^^n^ 

Tv^^. t.fz. mm^mmmMmix'^Lx^-^h^'f 
—y')V<Dn—<r)mz "o" . t3t<± "x" tc^s^iT 

[0067] ^mM<7mtmmi,zm-oxmm^x-im-t 

h ^ ^m^j:mmi:ZmiR't ^ <r i: A^'T't^ s 

1 >im-^wim-^^t^p I RT-*>-S.*^ u :^-> 

^>i^-flJ^:/y^°y>y b&*EigL, 1tlg-tf7'V\°^r.y h 

5^ 1 >{ip I R;^^*-ri.*s&3— f> yf^'mmzM-ti' 
yy^^v hizfj^ ^^yy<-t ymmi^mzma^^h 



[0068] <^r^2 >{iBfE3im*(c^?L^&5-Cti5^)$^i 

:^5e-c-ft •!> „ fuia<:^Tt 2 >{iW#g-9-yyN°^r .y h jc^^ 
3 yj^-i ym'^m/m^t v yyyyi^~m^r^'< 
-/ humzn-t^ -n-^A y^mn^ mi^i>zn^ ^ t 

[0069] <jT^3>imimm:::b izmm^y^^^ 
•y hRx/m^i> u ryyyi^-m^y^'^^ ^ h 

izMiKLxim-r^u^x'^)^, wm<iT^ 3 >«wfg 

izx'omnmmti^mx'h:^. ii-c, jiSBtf^-r^T 

Q P S KT-fc-S i Sr^iill-tS o ^Ife, lDWfe5lB#c?)^ 
^•9 6QAMt:^r^<, z<7)t^izh. IM^it 

fz. tfzii'^m^ti:^:mmmmtmM^£ij^izmm^ 
tihztt^x^i>. 

[0070] ffjia<^rj^ 2>t iuiB<:^5t 3 >xmmM 
{/- ¥B) hUF.mt>z?< ^-^--jiimthwxit. m 

1 '5X-^LX^-^h. fflrlBHl 5^#HB-r-S.i: . 16QA 

M&ffifflLT'lfffS-tf^'VN-^.y h (S) tPJ^-lf T-VN-^-y h 

(PD^Si^t, ^mc]CiSg:tTnnBUE*>^>NACK 
"rvViQ) tcjce^ LT mflBU E N A C K 5^)i'SftSn 

I. b . mtrntmiim^^y^'^'r n ( p 3 ) i:Mism- 

-ecofS:. mjlBUE*^<bNACK*^d;/::Sft$tL.g> 
t . m%Z<-n^ 2 >£7)*l-^tc(ifiJ^-9-7-.n°^- -y b P 2 ^ 

SfEjn t . fria<:^3t 3 >£7)*«-&a Bf f B'tf fg-t 7V -y 

[007 1 ] tfitBHot^:J-T(;(sa-^Be51:^T^;tc j; 
m^m:m-'^^td-z^^\YXvY^X^y)-^'r-/Y^m 

m&'^'t'-^x^mfhzbt^x^h. $^.tcBfriaEi4c?) 

Se3M^x;'gP4 0 6 tm§l4 0 4^^-^, ^^c{±i> 
SttTftJl-f--l.<l^;t-C-#T. ^N-H^ir(H/W)c?) 
^-fttc^N^fcSiJtcMJSE^S Z b ti-T^ h b fiOWAs&^'Sb 

[0072] <:firit4 >i: <^ri5;5 > 

JiffifflS'tLSP I RT-Tct^fEiMLi; -5 t-r.S-9-7'V\°y >y 

.yhi mj!rmzmm-tt:ij^x-h -s « 

[0073] <^r5t4>i±'lt|g-f 7VN°^.y h*>/i. 

nX\ tfria<:^i5:2>i;|al— iO^stfft-Sio <^i^5> 

{i— #B<73 u ^yryi^—m^s-fy'^^y-y 1- (p 1 )*^'^ 
mizwiiimimt^-t^^^x-h ^ , msi<:fj^4 >bm 
m<ij^5>i,t'r^xcnvi5>''yyy>'~^y^-^^-/h^: 
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mtit^ti6m}^jj^hi>, ifrieH4£7)tijtT-mii4 o 

ti^T^ -S. , 

[0 0 74] 2. |g2^M?f:J®(^^:^^3/4. P I R) 
±ai t fz^^m^}"^ 1 / 2 t 19 . 3 

(PI, P2, P3)co;^^*«S-f-So 
[0075] IliiaiSStct^'^T, E14<?)HgM-7X^SB 
4 0 6. t.tzMm'offyf^y-/ Vmm>'5 l OTWEiSfif 

•I. .1 ^: ffX% h^y'^^'r V V w^JSrlUS TjS LT v>|> . 
BUlElll8C0#x-y/UT- 'O' JiBfEmWfi:*JffifKiiWf 

[0076] ^-f. frlBHST-^i^LT t^-l-H-^cOMt.^^ 
'o' ^^a^KLTv■^|.„ 

[0077] lulfifl^-f-^:?)^' 3 / 4 -C* '9 , a-^BfeiM^T 
■C-rr^N-^v h«iWE3lB#. S(l), S(2), S 

(3), P l^WcSiSSti, B-KiilB^tJiSd), s 

(2), S(3), V 2mfS{l) . S(2). S(3). P3 
^:tV))iitf^$ix^. Zcnn. filEPl, P2, P3 

t;;-|B]— ^0flJ^7•V^°:^^.y bP^conyy-N-f y^ii^f-f-^, 
«^Jtcfc-& '0\ ^>t{i 'X' Xz^^i\X\-^t-^y 

[0078] if.mm'mmm\z^-^x^m-}ii^ifmY. 
-ri>«^t*3v^T, 3I^i^•c■«i^Ea■r'S^f7v^°i^.y 



^mtinx2co^cDj:oiz^ ^mim.mz^m-ij^t 

QPSKSrffifflL/^, 

[0079] <1f^l>ltmim7c^<U3!il>bm- 

coIj^^z. u ^'y^-'yi'-fij^y^N-y -y h immL. 

•C-Jb !> o ltria<^rs^ 1 >«'[f fg-'f -y b tcMt-|> rJ 

ymi^^mmmizmm^^^ztt^x^^. ttz 

/ AX^h<nX\ — St-'Iffg^f^Vt^r-y b^ft^r 
fraMt" <r i: *i'T-# ^ ^ , ta! -5 T , Ifrf e-*f 7V >y b {± 
{S(l), S(2)}, {S(2), S(3)K Sf^fi {S 

( 1 ) . S ( 3 ) J <7))ilItcilMLTfE}ISix-l> . 

[0080] <^^2>\m{'mm. ^?L^t-ai^§ti, 

/i«=^^t;t: 'y ^fc>f^t-•&'^MB^f7•v^"^.y hs.t;^-^§fL 
U ^y i^-*iJ^7^^N°^r -y h 

yyyi^-m^^r^^^ y h{imi,zM-t^^-'f'S y^' 

m<Ji^2>\,zXhWS&m. mie^f7V^°^^•y bJi {S 
(1), S(2) } , { S(3), P3 } , { S(l), P 
1}. {S(2),P2K {S(l). S(3)} i?)Jlitca 

mm^zmm^Kh. 

[008 1 ] <*5(;3 xiWEiiB^rt {zmwc^yf^y 
■y VMfmts:^ ')^'yyyi^-m^^y'j^^-/V^^ 
izmSiLXim-ti> :fj^X'h h , mtia<:^ 3 >{iWlg 
^y'f ^"r -y h izm-^ z]y^U ymn^mi}]} ^til.m 

Si<iT^3>i,zx^mmmm. mm^yy^^-yhit is 

(1) , S(2) [ , i S(3), P3 ) . { S(l). S 

(2) }. {S(3). P2}. {S(l). S(2)} OHit 

ammzmm^fi^. 

[0082] ±mLfzE.-^(Dij^imtm4Rx/mmm 
5 commmmm^^^xmm-t^ ztt^T^. § ^> izm 

IBI14 <7)BfKjlVX^'g|54 06 t ^?Lfl4 0 4 Sr*?L^, 
/W) <r i: j5^"T-# 6bc^ 

[0083] ±i^Ltz^^kl,m^j: D , <^^4 >l,±7t 

tees t J; d h f i. -ryv .y b ioaaccrai^^ l , m 
i.:^sCt:'S>§„ fflia<:^5e4>tcj:^WEiSB#. Mia-r 

yvN°ir.y {S(1),S(2)!. {S(3),P1K 
{S(l), P2} , {S(2). P3} , {S(3), S 

(1)} ^Mizmmjizmm^tL^ . mi<:tT^4>i±-t 

^xco V ^"y^'y^^—^y'^-^y -y h i^M. LT 3— t^" ^ 

yym%^mm^^h zt^^x^^. t /tx i^i^^-u 
y^'-t,^M^mit^fi.hm}^.^^$>^ o tuia<*-st4 >{i:Hifia 

134 CTi^^A 0 4b mSiiVX ^m4 0 6^m^LX 
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[0 0 84] 3. m3mmmm^mi/'2. fir) 

V bc7);=^^{ss-rSo m3iis6m?t:it^e-^Tifriaia4cD 
Beii gi5 4 0 6 . tfz imim 5 av h 
SP5 1 Q-^m^^^i.z^myi^-tpmc^fd-zm. mm- 

h^Lh h^-y') <y .y h i7)^J§r H 9 T-^i^ t T V ^ ^ « 

^LvtiiCOT-ab-S, — MlfiF I R{±l(naP I R<7)*f 
[0085] MIBE19 T-^LT V-i^T^oOMtft 

[0086] fflilEW-t*** 1 / 2T-^5 0 , ffl-^Sfeii* 
^ifSHSn. Bei*B§m(P2. P3), (P4. P5) 

m^tih. M-^T. WejMb#, -tf7'V\°ir.y htojafK::^?!^ 
b(7)^^fMBI-r.2). miiail9fP 1 . P2, P3. P 

4, p 5iiu :^'yyy>'—m^-*ry"^^^ -y hcri—miM 
mL. ^^tih:itti^x^^vryify^^-m^y 

um7U'^^~yi:Z^'yx^mizm^^ti^^t:/}^x-i 

^t^^l>« fiP*>, B^E3ll^^°^^>y b(P2. P3)at^- 
(P4. P5)-C. P2. P4li^~t^^^\*i<Dmi^ 
^^X-mtl^titzm^i^'-y h (02CDY 1 . Y 2)T-fflJiS 
§iX-l>, — P3, P 5{41riE^'-m'«=^tlF*Ic73lg2 
^?-^tlTffi:^J ^fLy^cflJ^b' >y h (0 2 <7)Z 1 . Z2)Xm 

^^tL^lj^x^^. zzx'm-(r)n^-^(^iii:f3Xh^ 

P2Rt/P4ii. mm^£t')^'yvyi^~x-M. P3 
mfpshmmtch vryryi^-x-h^. :icDi.d^ 
ij^^mm-tt t . mm^ittzWimo -fyyyi^-m 

^^yy<^-y vii'^^ztL^-fL-^wmm^ -y vf^zn^hiW: 
mm^^^y^^'r -y v \zmmth z. t t^x-% s , mtmm 
\m3jfm\im^h.h'mtfyf~^'rv v hm^y^^'r 



mlEF I R{^HfEim*{c«f8-9-7"^N°y'y b 

{i'J r> r> >-fJ^-»f7'>'^°^r bii^-r^TfEjM^tt-^c 

^fih, t-ft-. mt^^w,tmtm9x^\^x\-^h^'f 

~y)V(rM—<^W3\\^z 'O' , ±fz\± 'X' t^^fL 
[0087] *^BJ«7)^jSSff^Mtc=^-^TMfitsT-ejl-r 
■fjK mtm 9 Xli^cr)iim.^^:fK^com^^ LX^-^^. 

^m^ti^^-:>(7)mi>^<^m^:i}^tLx. ^mii^m^ 

[0088] <if^ 1 ><±SfEiiB§cc-f-^-cc7)u ryr 
y i^~m^^yy -y v ^^mzmsi l x mmt h 

y^y>'~m^^yf^'r >y h Srtejl-rS3ty>t 2fgc7)fE 

-g. u yyyyiy-m^-^y^^'r -y vmm^zmvA%m& 
«-rs;t*iTi-g>, HP*>. lufe<^r^i>tcj;-l.fK3l 

I R*^'^rf--g> ^' y^Wt^ 1 /''2 ^Stt 

( S . PI) *WJ!fEM§#i, SfEiiWt P 2 . P 4 . 

s. P3. p "^mwdm^zi^^^fth . 

[0089] <-yi^2>\mm.<^^ 1 > t w&xhh 

if. MIB<:^ 1 >-C{S P 2 t P 4 ^%-f\m. L . P 3 

t P 5 ^t^tcfEjl-r . t*^ t , mt^<-^^ 2 >T'(± P 

2, P5. P3. PA<r)mzmm-h. z.fv.t. ±ait 
fzi.o^zP2. p A\t^~im^^(m\m.7i.Tk7imn 

§l<7)tii^]T'* D . P3. P 5{ilg2:l;^a^W^f|cOtil 
tsXhlcr,X\ ifL^^StCfe}*^-?..! ttcj; 19, 
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X Title of liivention 

TRANSCEIVER APPARATUS AND METHOD FOR EFj^IClENT 
RETRANSMISSION OF fflGB-SPEED PACKET DATA 

2 Claims 

1. A method Sor retransiniitiiig coded bits by a ixaaMniLtBr in response to a 
retransmission request from a receive in a mobile Gommunication system which selects 
coded bits to be tnmsmitted by puncturing coded bits output from an encode at a given 
motfaer coding i-aic accordiag to a predetennined pjncturing pattern, ^nd transmits from 
the transmitter to the receiver a stream of symbols obtained by symbol^napping the 
selected coded bits by a oriven modulation tBchnique, the method comprising the steps 
of: 

selecting a modulation technique to be used at rcitrgnsnussion as a modulaiion 
technique having a lower modulation order than a modulation technique used at initiai 
transmission; 

selecting a puncUiring pattern acconJing to an HARQ (Hybrid Autoinatic Repeat 
Request) type, and selecting as many coded bits as the number of coded hits that can be 
symbol-mapped by the selected modulation technique, among the coded bits puncUued 
by die selected puncturing pattern; and 

symbol-^nappiiig the selected coded bits tiy the selectedmodulation technique; 
and transmitting the symbol-mapped cofled bits to die receiver. 

2. The method of claim 1, wherein the coded bits are selected in such a 
manner that coded bits with higher priority are first selected among the transmission 
coded bits. 

3. The method of claim 1, wherein tfie coded bits are selected in such a 
manner ih^t previously non-transmitted coded bits are first selected among die 
transmission coded bits. 

4, The method of claim 1, wherein the coded bits aie selected in such a 
manner that coded bits with higher prioriiy and coded bits with lower priority among the 
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transmission coded bits are alternately selected as many times as the number of 
retransmissions. 

5 , An apparatus for retransmitting coded bits by a transmitter in response to 
5 a retransmiasion request from a receiver in a mobile communication system which selects 

coded bits to be transmitted by puncturing coded bits output from an encoder at a given 
mother coding rate according to a prcdetcnnincu puncturing pattern, and transmit^} £rum 
the transmitter to the receiver a stream of symbols obtained by symbol-mapping the 
selected coded bits by a given modulation technique, the apparatus comprising: 

10 a controller for selecting an HARQ (Hybrid Automatic Repeat Request) type to 

be used at retransmission, and selecting a modulation technique to be used at the 
retransmission as a modulation technique having a lower modulation order than a 
modulation technique used at initial transmission; 

a selector for selecting a puncturing pattern according to the HARQ type, and 

15 selecting as many coded bits as the number of coded bits (hat can be symbol-mapped by 
the selected modulation technique, among the transmission coded bits punctured by the 
selected pmctiiring pattern; and 

a modulator for symbol-mapping the selected coded bits by the selected 
modulation technique and transmitting the symbol-mapped coded bits to the receiver 

20 

6. The apparatus of claim 5, wherein the selector comprises: 

a puncturer for selecting the puncLurmg patte^m accoiding to the HARQ type, and 
pxmcturing the coded bits from the encoder according to the selected puncturing paitem, 
and 

25 a retransmission mask section for generating a given mask function for selecting 

coded bits that can be symbol-mapped by the selected modulation technique, and 
selecting as many coded bits as the numbei of coded bits that can be symbol-mapped by 
the selectfc?d modulation technique, among the iransmission coded bits, by applying the 
mask function to the transmission coded bits from the puncturer. 



(^7) )03-229813 (P2003-229813A) 



7. The apparatus of claim 5, wherein the selector comprises; 

a puncturer for selecting a puncturing pattern according to the HARQ type, and 
puncturing the coded biis from the encoder according to the selected puncturing pattern; 
3 a packet distributor for distributing the transmission coded bits from the 

puncturer into sub-packets having a given size; and 

a packe t selector for selecting as many sub-packets as the number of coded bits 
that can be symbol-mapped by the selected modulation technique, amon^ the sub-packets, 

10 8. The apparatus of claim 5, wherein the selector first selects coded bits 

with higher priority among the punctured coded bits. 

9. The apparatus of claim 3, wherein die selector first selects previously 
non-transmitted coded bits among the piinc lured coded bits. 

15 

10. The apparatus of claim 5, wherein the selector alternately selects coded 
bits with higher priority and coded bits with Iowgf priority among the punctured coded 
bits as many times as the number of retransmissions. 

20 11. A method for retransmitting coded bits by a transmitter in response to a 

retransmission request from a receiver in a mobile communicatiQn system which selects 
coded bits to be transmitted by ptmcturing coded bits output from an encoder at a given 
mother coding rate according to a predetermined puncturmg pattern, and transmits from 
the transmitter to the receiver a stream of symbols obtained by symbol mapping the 

25 selected coded bits by a given modulation technique, the method comprising the steps 
of: 

selecting a modulation technique to be used at retransmission as a modulation 
technique having a lower modulation order than a modulation technique used at initial 
iransmission; 
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distributing the transmission coded bits piinclured by a puncturing pattern 
corresponding to an HAHQ type into a plurality ot'sLreams of sub-packets having a given 
size. Slid selecting as many sub-packets as the number of ceded bits thai can be symbol- 
mapped by the selected modulatiofi technique among the streams of sub-packets; and 
5 symbol-mapping coded bits constitutkng the selected sub-packets by the selected 

modulation technique and transmitting the symbol-mapped coded bits to the receiver. 

12. The method of claim 11, wherein the streams of sub-packets undergo 
interleaving. 

10 

13. The method of claim IK wherein the streams of sub-packets include a 
stream of systematic sub-packets each comprised of coded bits with higher priorit>' and a 
stream of parity sub packets each comprised of coded bits with lower priority among the 
coded bits, 

15 

14. The method of claim 13, wherein the stream of sub-packets is selected in 
such a manner that tlie systematic sub-packets are selected first 

1 5. The method of claim 1 1 , wheiein the stream of sub-packets is selected in 
20 such a manner that previously non-transmitted sub-packets are first selected among the 

sub -packets. 

16. The method of claim 13, wherein the stream of sub-packets is selected in 
such ct manner that the systematic sub-packets and the parity sub-packets are alternately 

25 selected as many times as the mmiber of retransmissions. 

17. An apparatus for retransmitting coded bits by a transmitter in response to 
a retransmission request from a receiver in a mobile communication system which selects 
coded bits to be transmitted by puncturing coded bits output from an encodei at a given 
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mother coding rate according to a predetermined puncturing pattern, and transmits from 
the transmitter to the receiver a stream of symbols obtained by symbol-mapping the 
sekscted coded bits by a given modultition technique, the apparatus comprises: 

a controller for selecting an HARQ (Hybrid Automatic Repeat Request) type to 
5 be used at retransmission, and selecting a modulation technique to be used at the 
retransmission as a modulation technique having a lower modulation onder than a 
inodulation technique u:>ed at initial transmission^ 

a packet distributor for distributing transmission coded bits punctured by a 
puncturing pattern conresponding to the; ITARQ type into a plurality of streams of sub- 
1 0 packets having a given size; 

a packet selector for selecting as many sub-packets as the number of coded bits 
that can be symbol-mapped by the selected modulation technique among the streams of 
sub-packets; and 

a modulator for symbol-mapping coded bits constituting the selected sub-packets 
15 by ttie selected modulation technique and transmitting the symbol-mapped coded bits to 
the receiver. 

1 8. The apparatus of claim 1 7, wherein the streams of sub-packets tmdeigp 
interleaving. 

20 

19. The apparatus of claim 17, wherein the streams of sub-packets inchide a 
stream of systematic sub-packets each comprised of coded bits with higher priorit>' and a 
stream of parity sub-packets each comprised of coded bits with lower priority among the 
coded bits. 

25 

20. The apparatus of claim 1 9^ wherein the packet selector first selects the 
systematic sub-packets. 

2L The apparatus of claim 17, whenjin the packet selector first selects 

previously non-transmitted sub-packets among the sub-packets. 

22. The apparatus of claim 1 9, wherein the packet selector alternately selects 
the systematic sub-packets and the parity sub-packets as many times as the number of 
^ reiransmissions. 
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3 Detailed Description of Invention 

PRIORITY 

5 

This application claims prionty to an application ©ilitled 'Transccivier Apparatus 
mnd Method for Efficient Retransmission of High-Speed Packet Data" filed in tiie Koiean 
Industrial Property Office on November 2. 2001 and assigned Serial No. 2001 -683 16, \hs 
conieiits of which are hersby incorporated by reference. 

10 

B ACKGROVNP OF THE INVENTIGN 

1. Field oF the Invention 

The present invention relates generally to a data tmiioceiver apparatus and 
1 5 metiiod in -a CDIvIA (Code Division Multiple Access) mobile communication system, and 
in particular, to aui apparatus and method for transmitUr^ and rcceivnig data using a 
variable modulation technique during retransmission. 

2. Descriptioti of the Related Art 

20 Presently, the mobile communication system has evolved from an early voice- 

based communication system to a high-speed, high-quality radio data packet 
communication system for providmg a data service and a amltimedia service, in addition, 
a 3"* generation mobik communication system, divided into an asynchronous 3 GPP (3*^ 
Genemtion Partnership Project) system and a synchronous 3GPP2 (3"^ Generation 

25 Partnership Project 2) system, is being standardized for a high-speed, high quality radio 
data packet service, For example^ standardization on HSDPA (Higb Speed Downlink 
Packet Access) is peiformcd by the 3GPP, while standardization on IxEV-DV (Ix 
Evolution-Data and Voice) is performed by the 3GPP2, Such standardizations are 
implemented io determine solutions for high-speed, high-quality radio data packet 



(6 1) )03-229813 (P2003-229813A) 



transmission services of 2Mbps or more in the 3 generation mobile ccnrmunication 
system. Fuithcr, a 4* generation mobile commLinication system has been proposed, which 
will provide a high-speed, high-quality multimedia service superior to that of the 3"* 
generation mobile communication system. 

5 

A principal factor that impedes a high-speed, high-quality radio data service lies 
in the radio channel environment. The radio channel environment frequently changes dxie 
to a variation in signal power caused by white noise and fading, shadowing, Doppler 
effect caused by the movement of and the frequent change in speed of a UE (User 

10 Equipment), and interference caused by other users and inultipath signals Therefore, in 
order to provide a high-speed radio data packet service, there is a need for an improved 
technology capable of increasing adaptabihty to variations in the channel environment in 
addition to the general technology provided for the existing l""^ or 3'*^ generation mobile 
communication system. A hish-speed power control method used in the existing system 

15 also increases adaptability to variations in the channel environment. However, both the 
3 GPP and liie 3GPP2, implementing standardization on the high-speed data packet 
transmission, reference the AMCS (Adaptive Modulation/Coding Scheme) and HARQ 
(Hybrid Automatic Repeat Request) techniques. 

20 The AMCS is a technique for adaptively changing a modulation technique and a 

coding; rate of a channel encoder according to a variation in the downlink channel 
environment. Commonly to detect the downlink channel environment, a UE measures a 
signal-to-noise ratio (SNR) and transmits the SNR information to a Node B over an 
uplink The Node B predicts the downlink channel environment based on the received 

25 SNR information, Emd designates a proper modidation technique and coding rate 
according to the predicted value, fhe modulation techniques available for the AMCS 
include QPSK (Quadrature Phase Shift Keymg), 8PSK (8-aiy Phase Shift KeyirgX 
16QAM (16 ary Quadrature Amplitude Modulation), and 64QAM (G4-ary Quadrature 
Amphtudfi Modulation), and tfie coding rates available for the AMCS include 1/2 and 3/4. 
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An AMCS system applies the high-order modvilations (16QAM and 64QAM) and the 
high coding rate 3/4 to the UE located in the vicinity of the Node B, having a good 
channel enviionment, and applies the low-order modulations (QPSK and 8PSK) and the 
low coding rate 1/2 to the UE located in a cell boundary. In addition, compared to the 
5 existing higji-speed power control method, the AMCS decEeases an interference signal, 
thereby improving the average system perfbnnanGC. 

The HARQ is a link control technique for coirecting ^^ error by relransmitting 
trie eTTored data upon an occurrence of a packet error at an initial Lransmission. Generally, 
10 the HARQ is classified into Chase Combining (CC), Full Incremental Redimdancy (FIR), 
and Partial Incremental Redundancy (PIR). 

CC is a ttjclmiquc for transmitting a packet such that the wiiole packet 
transmitted at a retransmission is equal to the packet iransmitted at the initial 

15 transmission. In this technique, a receiver combines the retransmitted pat^ket with the 
initially transmitted packet that is previously stored in a bufFer By doins so, it is possible 
to increase reliability of coded bits input to a decoder, thus resulting in an increase in tiie 
overall system performance. Combming the two same packets is similar to repeated 
coding in terms of the effects, so it is possible to increase a performance gain by about 

20 3dB on aveiage. 

FIR is a technique for transmitting a packet comprised of only redundant bits 
generated from trie channel encoder instead of the same packet, thus impro\^g 
performance of a decoder in the receiver. That is, ihe FIR uses the new redundant bits as 
25 well as the initially transmitted infonnatiDn during decoding, resulting in a decrease in 
the coding rate, which in lum thereby improves poiformance of the decoder. It is well 
known in coding theory that a performance gain by a low coding rate is higher than a 
performance gain by repeated coding. Therefore, the FIR is superior to the CC in terms of 
only the performance gairL 
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Unlike the FIR, the PIR is a technique for transmitting a combined data packet of 
the informatton bits and the new redundant bits at retransmission. Therefore^ the PIR can 
obtain the similar effect as the CC by combining the retransmitted information bits with 
5 the initially transmitted information bits during decoding, aiul also obtain the similar 
effect as the FIR by performing the decoding using the redundant bits. The PIR has a 
coding rate slighily higher than that of the FIR, showing intermediate performance 
between the FIR and the CC. However, the HARQ should be considered in the light of 
not only the performance but also the system complexity, such as a biiiTer si^oe and 
10 signaling of the receiver. As a result, it is diiTtcult to determine which technique is 
optimal for a given system. 

The AMCS and the HARQ are separate techniques for increasing adaptabiUty to 
the variations in the link environment. It is possible to remarkably improve the system 

15 performance by combining the two techniques. Tiiat is, the transmitter determines by the 
AMCS, a modulation technique and a coding rate proper for a downlink channel 
condition and then transmits packet data according to the determined modulatiGn 
technique and coding rate. Then, upon failure to decode the data packet transmitted by 
the transmitter, the receiver sends a retransmission request. Upon receipt of the 

20 retransmission request from the receiver, the Node B retransmits the data packet by the 
HARQ. 

FIG 1 illustrates an existing transmitter for high-speed packet data transmission, 
wherein it is possible to realize various AMCS techniques and HARQ techniques by 
25 controUing a channel encoder 112. 

Referring to FIG 1, the channel encoder 112 is comprised of an encoder (not 
shown) and a nuncturer {not shown). When input data at a determined data rate is applied 
to an input tenninal of the channel encoder 1 12, the encoder performs encoding in oider 
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to decrease a transmission error rate. Further, the puncturer punctures an output of the 
encoder according to a coding rate and an HARQ type previously determined by a 
controller 122, and provides its output to a channel interlcaver 114. The future mobile 
communication system needs a poweriUl chantiel coding technique m oider to reliably 
5 transmit h^h-speed multimedia data. The channel encoder 1 1 2, as illustrated in FIG. 2, is 
comprised of a turbo encoder 200 with a mother coding rate of R=l/5, a puncturer 216 
and a buffer 202, It is known in the art that channel coding by a turbo encoder perfunns 
closest to the Shannon limit in terms of a bit error rate (BER) even at a low SNR. 
Channel coding by a turbo encoder has also been adopted for the HSDPA and 1 xEV-DV 

10 standardization by the 3GPP and the 3GFP2. The output of the turbo encoder 200 can be 
divided into systematic bits and parity bits. The "systematic bits" refer to actual 
information bits to be transmitted, while the "parity bits" refer to a signal used to help a 
roceivBr correct a possible transmission error. The puncturer 216 selectively punctures the 
systematic bits or the parity bits output from the encoder 200, satisfying a deteimined 

15 coding rate. The systematic bits and the parity bits from the turbo encoder 200 are 
temporarily stored in the buffer 202, to be used during retransmissiDn at a retransmission 
request of die receiver- 
Referring to FIG 7., upon receiving one input data frame, the turbo encoder 200 

20 outputs the intact input data frame as a systematic bit frame X, and further outputs two 
diffssrent parity bit frames Yi and Y2. In addition, the turbo encoder 200 oulputs two 
differenl parity bit frames Zj and Za by performing interleavins and encoding on the 
input data frame. The systcsmatic bit frame X and the parity bit flames Yi, Y2, Z| and Z2 
are provided to the puncturer 216 in a tnmsmission unit of 1, 2, N. The puncturer 216 

25 determines a puncturing pattern according to a control signal provided from the controller 
122 of FIG. 1, and perfomis puncturing on the systematic bit frame X, and the four 
difterent parity bit frames Yi, Yz, Zi and Z2 using the detemined puncturing pattern, thus 
outpuLting desired systematic bits S and parity bits P. Here, the buffer 202 is provided 
between the turbo encodei 200 and the puncturer 21 6 in order to facilitate realization of 
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the HARQ. That iy, when IR (Incremental Redundancy) is used as the HARQ, different 
coded bits must be transmitted at each retransmission. Therefore, all coded bits generated 
by the turbo encoder 200 at a mother code rate are stored in the buffer 202, and die stored 
coded bits arc output according to a corresponding puncturing pattern at each 
5 retransmission. If the buffer 202 is not provided, the same coding process must be 
repeated by the turbo encoder 200 at each retransmission, affecting the processing time 
and power efficiency. However, when CC is used as the HARQ, the same data is 
transmitted al each re transmission. In this case, the use of the buffer 202 causes a 
decrease in die efficiency, so it would be more efficient to perform a retransmission 
1 0 process aflor the channel interleaver 1 1 4 of FIQ I . 

As described above, the puncturing pattern used to puncture the coded bits by the 
puncturer 216 depends upon the coding rate and the HARQ type. That is, using the CC, it 
is possible to transmit the same packet at each transmission by puncturing ths coded bits 

15 such that the puncturer 216 has a fixed combination of the systematic bits and the parity 
bits according to a given coding rate. Usii^ PIR, the puncturer 216 punctures the coded 
bits in a combkiation of the systematic bits and the parity bits according to the given 
coding rate at initial transmission, and nunctLires the coded symbols in a combination of 
various parity bits at each retransmission, thus decreasing in the overall coding rate, For 

20 example, us ins the CC with the coding rate of 1/2, the puncturer 216 can continuously 
output the same bits X and Yi for one input bit at initial transmission and retransmission, 
by fixedly using [1 1 0 0 0 0] m die order of the coded bits [X Yt Y- X' Zi ZJ as the 
puncturing pattern* Using the FIR, the puncturer 216 outputs the coded bits in the order 
of [Xi Yn X2 Z21] at initial transmission and in tte order of [Y21 Z21 Y12 Z12] at 

75 retransmission for two input bits, by using [1 10000;10000 1}and[0 01001;01 
0 0 1 0] as the puncturing patterns at initial transmission and reb^ansmission, respectively 
Meanwhile, though not separately illustrated, the channel encoder using R=l/? codes 
adopted by the 3GPP2 can be realized by the tuibo encoder 200 and the pimcturer 216 of 
FIG 2. 
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A packet data transmission operation by the AMCS system and the IIARQ 
system realUcd by FIG 1 will be descnbed herein below. Before transmission of a new 
packet^ the controller 1 22 of the transmitter determines a proper modulation technique 
5 and a coding rate based on the downlink channel condition information provided from the 
receiver. Thereafter, the controller 1 22 controls the channel encoder 1 1 2, a modulator 1 16 
and a channel demultiplexer 118 in a physical layer based on the determined modulation 
technique and coding rate and a predefined HARQ type. A data rate in the physical layer 
is determined according to the detei mined modulation technique and coding rate and the 

10 number of multiple codes in use. The channel encoder 112, under the control of the 
controller 122, performs codmg by the turbo t?ncoder 200 and performs bit puncturing by 
the pmictmer 216 according to a given puncturing patter, thereby outputting coded bits. 
The coded bits output from the channel encoder 112 are provided to the channel 
interleaver 114, where they arc subject to interleaving. Triterleavii^ is a technique for 

15 preventing a burst error by randomizins the input bits to disperse data symbols into 
several places instead of cancentrating the data symbols in the same place in a fading 
environment. For ease of explanation, the size of the channel interleaver 1 1 4 is assumed 
to be greater than or equal to the mtal number of the coded bits. The modulator 116 
symbcl-maps the interleaved coded bits according to the modulation technique previously 

20 determined by the controller 122 and a given symbol mapping technique. If the 
modulation technique is represented by M, the number of coded bits constituting one 
symbol becomes logiM. Shown in fable I are modulation teclmiques used in the AMCS 
and the numbers of bits constituting one symbol. 



25 Table 1 



modulation type (M) 


number of bits constituting one symbol (log:M) 


QPSK 


2 


16QAM 


4 
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64QAM 6 

The channel demultiplexer 118 demultiplexes a symbol received from the 
modulator 116 into as many symbols as the number of m^ultiple codes assigned by the 
controller 122 for high-speed data symbol transmission at a data rate detctmined by the 
5 controller 122. A spreader 120 spreads the demultiplexed symbols from the chamiel 
demultiplexer 118 wiUi the assigned multiple codes. The multiple codes may include 
Walsh codes for identifying channels. When a fixed chip rate and a Ftxcd spreading iactoT 
(SF) are used in the high-speed packet bansmission system, the rate of symbols 
transmitted with one Walsh code is constant. Therefore, Ln order tu use the dcteimined 
10 data rate, it is necessary to use multiple Walsh codes. For example, when a system, using 
a chip rate of 3,S4Mcps and an SF of 1 6chips/symbol, uses 16QAM and a channel coding 
rate of 3/4, a data rate that can be provided with one Walsh code becomes 1 -08Mbps. 
Therefore, when 1 0 Walsh codes arc used, it is possible to transmit data at a data rate of a 
maximum of 1 0. 8 Mbps. 

15 

FIG 3 illustrates a structure of a receiver correspoadLng to the transmitter of FIG 
L Referring to FIG 3, a dcspieader 312 despreads received data according to information 
on the multiple codes in use, the irforrnation being pro\^ded through signaling. A channel 
multiplexer 314 multiplexes the despread received data and provides its output to a 

20 demodulator 316. The demodulator 316 performs demodulation corresponding to the 
modulation used by the transmitter, and provides LLR (Log Likelihood Ratio) values for 
the symbols to a deinterieaver 318. The deinterleaver 318, having a structure 
corresponding to that of the interleaver 1 14 of FIG 1, performs dcinterlcaving on the 
demodulated data and restores the original data sequence. The deinterlcaved data is 

25 provided to a combiner 320, where it is combined with the same previously received data 
in a bit unit. If CC is used as tlie HARQ, the same data is transmitted at each 
retransmission. In this case, since combining can be performed using one buffer, a buffer 
controller 322 is unnecessary. However, if IR is used as the HARQ, a different 
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redundancy packet may be transmittad at retransmission, sc the buffer controller 322 is 
necessary. The buffer controller 322 properly assigns buffers in the combiner 320 to the 
received data so that the received data can be combined with the same previously 
recoived data. An oiitput of the combiner 320 is provided to a channel decoder 324. The 
5 channel decoder 324 performs decoding on the output of the combiner 320, checks a 
CRC eiror for the received data, and transmits a NACK or ACK signal to a transmitter 
according to the CRC check result. Upon receiving the NACK signal from the receiver, 
the transmitter performs the re-transmission process according to the HARQ. However, 
upon receiving the ACK signal from the receiver, the transmitter begins transmission of a 
10 new data packet 

In the transmitter of the high-speed packet transmission system of FIG. 1, it is 
assumed that the AMCS defmed by the controller 122 at initial transmission of a data 
packet according to a channel environment is applied even during retransmission without 

15 modification. However, as described above, a high-speed data transmission channel may 
subiect to a change in channel environment even for an HARQ period due to the change 
in the number of UEs in a cell and the Doppler shift. Therefore, maintaining the 
modulation technique and the coding rate used at the initial transmission contributes to a 
reduction m the system performance. For this reason, the ongoing HSDPA and IxEV-DV 

20 standardizations consider usmg the AMCS even at retransmission. 

As an example, a new technique enable of changing both a modulation 
technique and a coding rate at retiansmission has been proposed. Commonly, the size of 
transmittable data is changed according to a modulation technique and a coding rate, so 
25 the proposed new technique enables transmission of data by chaining TTT (Time To 
hitcrleaving), a minimum imit of processing packet data. Thereibie, the new technique is 
advantageous in that it can adjust to variations in the channel environment. However, the 
use of the variable TTl mcreases comple?dty of realization and signaling. Further, this 
technique supports only the IR among the HARQ types. 
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As another example, in a system wherein CC is used as the HARQ and a coding 
rate at retransmissioTi is identical to a coding rate aL initial transmission, if the nximbcr of 
available codes changes, another proposed technique changes a modulation technique for 
5 the retransmission to adapt to the change, and retransmits a part or all of the initially 
transmitted packet according to the changed modulation technique. Meanwhile, a receiver 
partially combines the retransmitted partial packet with the initially transmitted ftiil 
packet, resulting in a decrease in the entire BER of a decoder. This technique, as it uste a 
fixed TTT and has a characteristic of partial Chase combining, is advantageous in that its 
10 realization and signaling is simple. Although this technique can decrease BhLR by 
rtjtransmittiiig an unspecified part of the randomly mterleaved data and combining the 
retransmitted partial data with the initially transmitted full packet, an improvement in a 
fiame error rate (FER) is rcstiictivc. In addition, this technique can support only CC 
among the HARQ types. 

15 

ThereforB, in a communication system based on a lixed TTI, there have been 
demands for one method for changing a modulation technique during njtransmissioii 
regardless of the Ti ARQ type in use even though the number of available codes remains 
unchanged, and another method for improving system perfomiance by properly selecting 
20 a transmission packet according to the changed modulation technique. 

SUMMARY OF THE INVENTtON 

It is, therefore, an object of the present invention to provide a data transceiver 
25 apparatus and method for improving performance of a radio communication system. 

It is another object of the present invention to provide m a receiver for a mobile 
communication system a transceiver apparatus and method for receivin?? bits at higher 
probability. 
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It is f.nther another object of the present invention to provide in a transmitter for 
a high speed radio communication system sup^rting AMCS and HARQ an apparatus 
and method for obtainiiig a performance sain of a system by changing only a modulation 
technique during iietransmission while maintaining the same coding rate as used durincj 
5 initial transmission. 

It is yet another object of the present invention to provide in a transmitter for a 
high-speed radio communication system supporting AMCS and HARQ an apparatus and 
method for obtainmg a performance gain of a system by selectively retransmitting a data 
10 sub-packeL divided into systematic bits or pari^ bits according to a modulation technique 
needed during retransmission. 

It is still another object of the present invention to provide in a receiver for a 
high-speed radio coimnunicatioa system an appaiaius and method for obtaining a 
15 performance gain by selectively soft-combining a data packet selectively retransmitted by 
a modulation technique required by a transmitter with an initially transmitted data packet 
or by using transmitted redundancy. 

In accordance with a first aspect of die present invention, there is provided a 
20 method for retransmittmg coded bits by a transmitter in response to a retransmission 
request from a receiver in a mobile communication system which determines 
transmission coded bits by puncturing coded bits output from an encoder at a given 
mother coding rate according to a predetermined piincturin£5 pattern, and transmits a 
stream of symbols obtained by symbol-mapping the determined coded bits by a given 
25 modulation technique, from the transmitter to the receiver. The method comprises 
determining a modulation technique to be used at reiransmission as a modulation 
technique having a lower modulation order ihan a modulation technique used at initial 
transmission; determining a puncturing pattern according to an HARQ (Hybnd 
Automatic Repeat Request) type, and selecting as many coded bils as the number of 
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coded bits that can be symbol-mapped by the determmed modulation technique, among 
the coded bits punctured by the determined puncturing pattern; and symbol-mapping the 
selected coded bits by the determined modulation technique, and transmitting the symbol- 
mapped coded bits to the receiver 

5 

In accordance with a second aspect of the present invention, there is provided a 
method for retransmitting coded bits by a transmitter in response to a retransmission 
request from a receiver in a mobile commuitication system which detennines 
transmission coded bits by pimctunng coded bits output fi*om an encoder at a given 

10 mother coding rate according to a predetermmed puncturing pattern, and transmits a 
stream of symbols obtained by symbol-mapping the determined coded bits by a given 
modulation technique, from the transmitter to the receiver. The method comprises 
determining a modulation technique to be used at retransmission as a modulation 
technique having a lower modulation oider tiian a inudulation techiiique used at initial 

15 transmission; distributing the transmission coded bits punctured by a puncturing pattern 
corresponding to an HARQ type into a plurality of streams of sub-packets having a given 
size, and selecting as many sub-packets as the number of coded bits that can be symbol- 
mapped by the determmed modulation technique among the streams of sub-packets^ and 
symbol -mapping coded bits constituting the selected sub-packets by the determined 

20 modulation technique and transmitting the symbol-mapped codtsd bits to the recesiver 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and advantages of the present invention 
25 will become mors apparent fixim the following detailed description when taken in 
conjunction with the accompanying drawings in which: 

FIG 1 illustrates a structure of a transmittea^ in a conventional CDMA mobile 
commimication system for high-speed data tranjiniLSsion; 

FIG. 2 illustrates a detailed structure of the channel encoder in FIG 1 ; 
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FIG 3 illustrates a structure of a receiver corresponding to the transmitter of FIG 

1; 

FIG 4 illustrates a structure of a transmitter in a CDMA mobile cammunication 
system according to an embodiment of the piesent ijiventiun; 
t> FIG 5 illustrates a stmctune of a transmitter for a CDMA mobile communication 

system according to another embodiment of the preatent invention; 

FIG 6 illustrates a struciure of a receiver corresponding to flie transmitter of FIG 
5, according to an smbodiment of the present invention; 

FIG. 7 illustrates a method of selecting transmission data packets by the 
10 transmitter of FTG 4 or FIG 5 during retransmission, when a coding rate is 1/2 and PIR is 
used as HARQ; 

FIG 8 illustrates a method of selecting transmission data packets by the 
transmitter of FIG 4 or FIG 5 during retransmission, when a coding rate is 3/4 and PIR is 
used as HARQ; 

15 FIG 9 illustrate a method of selecting transmission data packets by the 

transmitter of FIG 4 or FIG 5 during retransmission, when a coding rate is I /2 and FIR is 
used as H ARQ, 

FIG 10 illustrate a method of selecting transmission data packets by the 
transmitter of FIG 4 or FIG 5 during retransmission, when a coding rate is 3/4 and FIR is 
20 uscdasH.\RQ; 

FIG llA illusirates a method of selecting transmission data packets by the 
transmitter ofFIG 4 or FIG 5 during retransmission, when a coding rate is 1/2 and CC is 
used as HARQ; 

FTG I IB illustrates a method of selecting transmission data packets by rhe 
25 transmitter of FIG 4 or FIG 5 during retransmission, when a ccxling rate is 3/4 and CC is 
used as HARQ; 

FIG 12 illustrates a process of transmitting data packets by a changed 
modulation technique in the transmitter of Fl G4; 

FIG. 13 illustrates a process of transmitting date packets by a changed 
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modulation technique in the transmitter of FIG5; 

FIG 14 Illustrates a message process flow for the case where the modulation 
tBchniquB is not changed in a CDMA mobile communicalion system for high-speed data 
transmission; 

5 FIGs. 15 and 16 illustrate data transmission/reception processes in a mobile 

communication s>^tiem supporting the PIR; and 

FIGs. 17 and 18 illustrate data transmission/reception processes in a mobile 
communication system supporting the CC. 

10 DETAILED DESCIUFTIOIV OF THE PREFERRED EMBODIMENT 

A preferred embodiTnent of the present invention will be described herein below 
with reference to the accompanying drawings. In the following descriptiOT, well-known 
HtnctLons or constiuctions arc not described in detail since they would obscure the 
1 5 invention in unnecessary detail. 

The present invention provides a data transceiver apparatus and method for 
improving reliability of transmission data in a COMA mobile communication system. In 
particular, the invention provides scvemi embodiments of a data transceiver apparatus 
20 and method for improving system perfbraiance by allowing a change m a modulation 
technique during retransmission and controlling a transmission data packet according to a 
changed modulation technique in a high-speed packet data transmission system 
supporting AMCS and HARQ. 

25 Herein, a detailed description will be made of an apparatus and method for 

allowing a change in a modulation technique durmg retransmission regardless of the 
HARQ type in use even though the number of available codes remains unchanged, in a 
communication system based on a feed TTI. In addition, a detailed description will be 
made of an appamtus and method for improving system performance by properly 
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selecting a transmission packet according to a changed modulation technique. That is, 
reference will be mads to an appanitus and method for using a modulation technique 
having a modulation order lower than the modulation technique used at initial 
traasmission at a retransmission request from a UE, rather than maintaining the 
5 modulation technique used at the initial transmission, and properly selecting a part of 
transmittable data packets according to the chat^d modulation tedmique. 

Now, a detailed description of the present invention will be made with reference 
to the accompanying drawings. 

lu 

Although the present invention provides several embodiintniLs, only two of them 
will be described herein for simplicity The present invention will be described with 
reference to different embodiments where a channel encoder supports a coding rate of \/2 
and 3/4^ and a modulator supports a modulation technique of QFSK and 16QAM. For 
15 example, the modulator uses 1 6QAM at initial transmission and changes the modulation 
technique to QPSK at retransmission. Of course, if the modulator used ihe modulation 
technique of 64QAM at iintial transmission, it will use a modulation tcchmque of 
16QAM at retransmission. In addition, the embodiments may be applied to all HARQ 
types. 

20 

First Embodiment of Transmitter 

FIG 4 illustrates a structure of a transmitter in a CDMA mobile commnnication 
system according to an embodiment of the present invention. Though not shown, a turbo 
encoder, a channel demultiplexer and a spreader in the transmitter of FIG 4 have the 
25 same structure and operation as the coiresponding elements in the transmitters of FIGs. 1 
and 2, so a dctBulcd description thereof will not be provided. 

Referring to FIG. 4, coded bits generated by encoding input data at a mother 
coding rate of a turbo encoder {not ^own) are stored in a buifer 402, The coded bits are 
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properly punctured by a punctuner 404 according to information on a coding rate and a 
selected HARQ type, provided from a controller 412. The puncturer 404 uses a 
puncturing pattern for puncturing the ccxied bits acoording to the HARQ type. For 
example, if the HARQ type is CC, the puncturing pattern used at retransmission will be 
5 identical to the modulation technique use at iniiial transmission. However, if the HARQ 
type is PIR or FIR, the puncturing pattern used at ^^3t^ansTnission will be diflferent from 
the modulation technique use at initial transmission* If the liARQ type is PIR, the 
puncturer 404 uses a retransmission puncturing pattern for autputting initially transmitted 
systematic bits and new parity bits. If the HARQ type is FIR, the puncturer 404 uses a 

10 retransmission puncturing pattern for outputting only the new parity bits. However, the 
number of coded bits output from the puncturer 404 is constant at both initial 
transmission and retransmission. Since the number of the coded bits may be different 
from the number of data bits to be finally transmitted in a physical layer, rate matching 
must be performed after the puncturing in order to match ihe niunbers. For simphcity, the 

15 rate matching will not be described hcrem. The output of the puncturer 404 is data having 
the size corresponding to the coding rate and a modulation technique determined during 
initial transmission, and the coded bits output from the turbo encoder are punctured 
according to the HARQ. 

7J0 A retransmission mask section 406 again selects a part of the punctured coded 

bits. For example, at initial transmission, the retransmission mask section 406 provides 
the intact coded bits from the punctuiEr 404 to an intcrlcaver 408. This is because at the 
initial transmission, the coded bits to be transmitted were previously determined by the 
punctuier 404 However, when the modulation technique is changed during 

25 retransmission, the retransmission mask section 406 selects only a part of ihe coded bits 
provided from the pimcturcr 404 according to the changed modulation technique. In 
particular, when a low-order modulation technique is used during retransmission 
according to an embodiment of the present mvention, an amount of data that can be 
retransmitted is decreased. Therefore, the retransmission mask section 406 must select a 
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part of the coded bits output from the puncturer 404 according to tJie changed modulation 
technique. The present invention provides a method for selecting coded bits irom the 
punctuiier 404 based on the previously determined HARQ type and the changed 
modulation technique. 37or example, the retransmission mask section 406, under the 
5 control of the controller 412, generates a given mask function and masks the coded bits 
from the puncturer 404 according to the generated mask function, thereby outputting 
desired coded bits. 

The coded bits output from the retransmission mask section 406 arc provided to a 
1 0 modulator 4 1 0 after being interleaved by tfie interleaver 408 . 

Tbe modulator 410 performs modulation on the coded bits from the interleaver 
408 according to the changed modulation technique during retransmission. For example, 
the modulatDr 1-10 modulates the coded bits by 16QAM at initial transmission, and 

1 5 modulates the coded bits by QPSK at retransmission. If the modulation technique used at 
initial transmission is 64QAM, the modulation technique used at retransmission will be 
16QAM. Therefore, although one symbol is comprised of 4 coded bits at mitial 
transmission, one symbol is comprised of 2 coded bits at retransmission. As a result^ only 
one half of the coded bits transmitted at the initial tiansmisston are transmitted during 

20 retransmission. 

In FIG 4, the puncmrer 404 for puncturing the coded bits generated at a mother 
coding rate and the retransmissiori mask section 406 for selectively outputting the coded 
bits from the puncturer 404 are physically separated. However, the mask retransmission 
75 section 406 can be ci^mbined with the puncturer 404. Ui tliis case, the combined stmcturc 
must be properly controlled to select the coded bits according to the changed modulation 
technique during retransmission. 

The conventional receiver illustrated in FIG 3 can be used as a receiver 
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corresponding to the transmitter yf FIG 4. That is, the data transmitted by a 
predetermined HARQ type can be stored or combined under the control of the bufier 
controller 322, regardless whether the HARQ type is CC or lit Here, the buffer 
controller 322 of the receiver must rocognize information on the coding rate, the 
5 modulation technique and the H.\RQ type, used by the transmitter. In somft cases, the 
bufifei controller 322 needs information on the number of retransmissions and a 
redundancy number 

FIG. 12 illustrates a transmission process for retransinisslon by a changed 
10 modulation technique during retransmission in a CDMA mobile communication system 
according to an embodiment of the present mvention. The transmission process of FIG. 
1 2 is performed by the transmitter of FIG 4. 

In FIG 12, when a coding late and a modulatioii technique are properly 
1 5 determined by an upper layer at initial transmissbn, the turbo encoder performs encoding 
accordingly and performs punclujing according to a puncturing pattern determined based 
on the selected coding rate and HARQ type. 

Referring to FIG 12, in step 1210, the transmitter deiermtnes a coding rate R to 
20 be used at initial transmission or retransmission, and an amount Mi of data transmitted at 
initial tiansmission After determining the R and the M;, the transmitter channel-encodes, 
in step 1212, transmission data at a motlier coding rate and outputs coded bits. After the 
encoding, the transmitter punctures the coded bits by a predetermined puncturing pattern 
in step 1214. The puncturing pattem can be deteimined according to the HARQ type used 
25 at initial transmission or retransmission. Further, an operation in step 1214 includes rate 
matching. The transmitter determines in step 121 G whether the current transmissian is 
initial transmission or retransmission (Re_Tx). If it is deteimined in step 1216 that the 
current transmission is retransmission, the transmittjer selects, in step 1218, a part of the 
coded bits punctured according to the determined Mj and the modulation technique 
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determined to be used at retransmission. This operation is called a masking process, If the 
masking process is completed or the current transmission is initial transmission, the 
transmitter proceeds to step 1220 where the punctured coded bits or the masked coded 
bits are channel-interleaved After the channel interleaving, the transmitter again 
5 determines in step 1222 whether the current transmission is retransmission. If it is 
determined that the curteiit transmission is retransmission, the transmitter proceeds to 
step 1224. Otherwise, if it is determined that the current tmnsmission is initial 
transmission, the transmitter proceeds to step 1226. In step 1224, as a low-order 
modulation technique is used at the retransmission, the transmitter sets an amount Mr of 

10 data that caii be transmitted to a half of the M;, i.e., MixO.5. Here, a constant multiplied 
by the Mi to determine the Mr can be defmed as a ratio of the number of bits that can be 
mapped per symbol by the previously used modulation technique to the mmaber of bits 
that can be mapped per symbol by the selected modulation technique. The constant "0.5" 
means that the mimber of coded bits that can be mapped to one symbol is reduced to one 

15 half due to the change in the modulation technique. However; in step 1226, the 
transmitter sets the Mj to Mi. After determining the Mr, the transmitter performs 
modulation on the selected coded bits in step 1228. The modulation is performed through 
symbol mappin<> according to the determined modulation technique. After the modulation, 
the transmitter spreads, in step 1230, the modulated signal with multiple Walsh codes and 

20 transmits the spread signal to a receiver 

To sum up, at initial transmission, the transmitter performs chamiel interleaving 
on the intact punctured coded bits, modulates the interleaved coded bits by symbol 
mapping based on the detormined modulation technique, and frequency-spreads the 
25 modulated coded bits using predetermined Walsh codes. However, at retransmission, the 
transmitter re-punctures the punctured coded bits according to the determined modulation 
technique before interleaving, and modulates the interleaved coded bits using a 
modulation technique havins a one-step lower modulation order than the moduLation 
technique used at the initial transmission. 
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Second Embodiment of Transmitter 

FIG. 5 illustraies a structure of a transmitter for a CDMA mobile communication 
system according to another embodiment of the present invsntiorL Like the embodiment 
5 shown in FIG 4, FIG 5 also shows only the elements arranged between the bufTcsr and the 
modulator m the transmitter. 

Referring to FIG 5, coded bits generated by encoding input data at a mother 
coding rate of a turbo encoder (not shown) are stored in a buffer 502. The coded bits are 

1 0 properly punctured by a puncturcr M>4 according to information on a coding rate and a 
selected HARQ type, provided from a controller 520. The puncturcr 504 uses a 
puncturing pattern for punclui ing the coded bits according to the HARQ type. When the 
R.A.RO type is CC or PIR, an output of the puncturer 504 is comprised of a systematic 
sub-packet having only the systematic bits and a parity sub-packet having only the parity 

15 bits at each u^smission. Here, when the HARQ type is CC, the parity sub-packet ou^ut 
jTOm the puncturer 504 remains unchanged at both initial Uansmissioii and retransmission. 
However, when the HARQ type is PIR, the parity sub-packet at initial transmission is 
different from the sub-packet at retransmission. In addition, when the HARQ type is FIR, 
the puncturer 504 outputs a systematic sub-packet and a parity sub -packet at initial 

20 transmission, and outputs only a diiFcrent parity sub-packet at retransmission. The sub- 
packet can be defined as a coded bit stream with a specified size, comprised of systematic 
bits or parity bits. 

A packet distributor 506 distributes sub-packets from the puncturcr 504 to a 
25 plurality of interleavers 508 according to a coding rate. For example, if the coding rate is 
1/2, a systematic sub-packet is identical in si^K to a parity sub-packet (at each 
iransmission in CC and PIR, and at mitial transmission in FIR), or two different parity 
sub-packets are identical to each other in size (at retransmission in FIR), so the packut 
distributor 506 distributes the sub-packets to the interleavers 508. However, when the 
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coding rate is 3/4, the size of a systemaiic sub-packet is 3 times greater tlieui tlie size of a 
parity sub-packet (ai each transmission in CC and ?]R, and at initial transmission in FIR), 
ihe packet distributor 506 sepcirately distributes the systematic sub-packets and the parity 
sub-packets, Li tbe case of retransmission by the FIR, since a transmission packet is 
5 comprised of only the parity sub-packet, the parity sub-packet may be uniformly divided 
for distribution. The sub-packets distributed by Ihe packet distributor 506 are 
independently interleaved by the interleavers 508, and then provided to a packet selector 
510. Herein, although ±e interleavers 508 are physically separated into two interleavers, 
they need not be separated physically. h\ this case, a single interlcavcr can be logically 
1 0 separated by simply modifying its read/write mechanism. 

The packet selector 510 determines an amount of retransmission data based on 
infc^mation about a modulation technique used at initial tnuismission, a modulation 
technique to be used at retransmission, and the number of retransmissions, and then 

15 selects coded bits &om the Qc&X interleaver and the second interleaver according to the 
determined data amoimt. The coded bits selected by the packet selector 510 are provided 
to a modulator 512 During retransmission, the packet selector 510 outputs only the 
systematic bits or only the parity bits, or outputs the systematic bits and the parity bits in 
combination. Examples of a packet selecting paltem by the packet selector 510 are 

20 illustrated in FIGs, 7 to 1 L A detailed description of the packet selecting pattern will be 
given later. The coded bits output from the packet selector 510 are mapped into a symbol 
by symbol mapping according to the determined modulation technique, and spread ustng 
predetermined multiple codes before being transmitted 

25 The controller 520 controls operation of each clement in the transmitter 

according to an embodiment of the present mvention. First, the controller 520 determines 
a coding rate and a modulation technique based on information about the current channd 
environment of a downlink transmitted by the receiver during mitial transmission, and 
controls the encoder to encode transmission data at the determined coding rate. In 
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addition, the controller 520 controls the packet selector 510 and the modulator 512 
according to the detertntned rnodulation technique. The controller i20 controls a channel 
demultiplexer (not shown) by determinins the number of necessaiy Walsh codes based on 
the determmed coding rate and modulation technique. 

5 

FIG 13 illustrates a transmission process for retransmission by a changed 
modulation technique during rBtransnussion m a CDMA mobile communication system 
according to Pin embodiment of the present invention. The transmission process of FIG 
13 is performed by the transmitter of FIG 5. 

10 

In FIG. 13, when a coding rate and a modulation technique are properly 
determined by an upper layer at initial transmission, the tuibo encoder performs encodmg 
accordingly and perfoims puncturing; according to a puncturing paltem determined based 
on the selected coding rate and HARQ type. 

15 

Referring to PIG 13, in step 1310, the transmitter determines a coding rate R to 

be used at initial transmission or retransmission, and an amount Mj of data transmitted at 
initial transmission. After determining the R and the Mi, the transmitter channel-encodes, 
in step 1312, transmission data at a mother coding rate and outputs coded bits Alter the 

20 encoding, the transmitter punctures the coded bits according to a prcdetemiined 
puncturing pattem in step 1314, The puncturing pattern can be detemiined according to 
the HARQ Lype used at initial transmission or retransmission. Further, an opemtion in 
step 1314 includes rate matching. In step 1316, the transmittetr distributes ttie coded bits 
into a systematic sub-packet comprised of systematic bits and a parity sub-packet 

25 comprised of parity bits. After the distribution of the coded bits, the transmitter channel- 
interleaves the distributed systematic sub-packet and parity sub-packet, in step 1318. 
After the channel interleaving, the transmitter determines in step 1320 whether the 
current transmission is letransmission. Tf the current transmission is retransmission, the 
transmitter proceeds to step 1322. Otheiwise, if the current transmission is initial 
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iransmissiou, the transmitter proceeds to step 1324, In step 1524, the transmitter sets the 
Mf. to the Mj and then proceeds to step 1330. 

In step 1322, the transmitter sets an amount Mr of data that can be transmitted 
5 diiring retransmission to a half of the Mi^ i.e.^ MjXO.5. This is because the modulation 
technique used at retransmission has a lower modulation order than the modulation 
technique used at initial transmission and an amount of data that can be transmitted by 
the lower-order modulation tecbjiique is reduced. After determining the Mr in step 1322, 
the transmitter selects sidD-packets to be transmitted among the sub-packets output from 

10 the channel interleaver in step 1325. Exemplary methods of selecting the sub-packets to 
be transmitted will be described later After selecting the sub-packets to be transmitted, 
tlie transmitter peiforms, in step 1 328, modulation on the sub-packets detenmiiied by the 
step 1324 or the sub-packets selected in step 1326. The modulation is performed through 
symbol mapping conespontiing to the determined modultition technique. After the 

15 modulation, the transmitter spieads, in step 1330, the modulated signal with multiple 
Walsh codes and transmits the spiead signal to a receiver. 

To sum up, the punctured data output by the step 1314 can be separated into a 
systematic sub-packet aiKi a parity sub-packet, or different parity sub-packets according 

■^0 to the HARQ type, and the transmitter properly distributes the: sub-packets to two channel 
interleavers and separately interleaves the distributed sub-packets. At mitial transmission, 
the full interleaved data is modulated by a previously delormined modulation technique. 
Here, the performance can be improved by a symbol mapping method. However, at 
retransmission, an amount of data that can be retransmitted is reduced due to a change in 

25 the modulation technique to a modulation technique having ^ one-step lower modulation 
order, so sub-packets must be properly selected according to the changed modulation 
technique and the detemained HARQ type. 



First Embodimeni of Receiver 
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FIG. 6 illustralpjs a structure of a receiver corresponding to the transmitter of FIG 
5, according to an embodiment of the present invention. In FIG 6, a deqsreader 602, a 
demodulator 606 and a controller GIQ are provided witfi mformation on a coding rate, a 
modulation technique, a Walsh code used, a redundancy packet number, and the number 
5 of retransmissions over a downlink control channel, and the elements perfomi the 
following opetBtions based on the provided information. 

Referring to FIG 6, a received data symbol, which was frequency-spread by the 
transmitter of PIG 5 with mLiltiple Walsh codes before being transmitted, is dcspread into 

10 a plurality of transmission symbol streams by a despreader 602 with the multiple Walsh 
codes used by the transmitter. The receiver can be provided with the multiple Walsh 
codes used in the transmitter based on Walsh code information signaled over a downhnk 
channel The transmission symbol streams despread by the despreader 602 are 
multiplexed into one transmission symbol stream by a channel multiplexer 604, and the 

15 multiplexed transmission symbol stream is provided to a demodulator 606, The 
demodulator 606 porforms demodulation on the transmission symbol shcam by a 
demodulation technique corresponding to the modulation technique signaled over the 
downlmk charinel. The demodulator 606 outputs LLR values for the demodulated 
symbols. 

20 

A disti ibutor 608 distributes the LLR values of the symbols demodulated by the 
demodulator 606 to corresponding dcinterleavers 610 according to a decision by a packet 
controller 620 cn the input data characteristic (systematic sub-packet or parity sub-packet, 
or a combination of the systematic sub-packet and the parity sub packet). The 
75 deinterleavers 610 correspond to the interleavers 508 in Hie transmittei' of FIG 5, and are 
comprised of two independent deinterloavers. The first and second deinfcerleavers de- 
mterleave the systematic bits and the parity bits provided from the distributor 60S. Since 
a deinterleaving pattern used by tlie dcinterleavers 610 has a reverse order oT the 
interleaving pattern used in the mterleaver 508 of FTG 5^ the interleaving pattern 
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information must be previously provided to the receiver As described with reference to 
the transmitter, the deinterleavers 610 need not be physically separated, and can be 
logically separated. Therefore, the nill size is constant. 

5 A paclcet combiner 612 can be comprised of a biiiFer having the same si^ as a 

masimiun permitted redundancy packet when FIR is used as the HARQ. That is, the 
buSbr has a si5:e great enough to store one systematic sub-packet and a plurality of parity 
sub -packets. When data having the same characteristic is distributed by the distributor 
608 at eeich reiransmission, the retransmitted data is combined with the data stored in the 

10 correspondmg buffer. However, if the modulation technique is changed during 
letransjnission, the size of retransmitted data is also changed, so it is possible to decrease 
a required size of the bulFer ir FIR or PIR is selected as the HARQ, the frequency of 
using a buffer for the parity sub-packet is fiirfher decneased, and if CC is selected as the 
Hi^RQ^ only the buffer for the systematic sub-packet will be used. Here, since the 

15 retransmitted systematic sub-packet or partial parity sub-packet was modulated by a low- 
order modulation technique, reliability of data is remarkably increased as compared with 
during the initial transmission. Therefore, although the data is partially combined, the 
combing effect may appear very high. In conclusion, the output of the packet combiner 
612 improves decoding perfomiance of a channel decoder 614, thus increasing 

20 throughput of the system. 

The packet controller 62D controls the dii»tributor 608 accordmg to information 
on the HARQ type used by the transmitter, a redundancy number and the number of 
retransinissions so that the demodulated data can be properly deinterleaved. In addition, 
25 tiie packet controller 620 controls the packet combiner 612 so that combining between 
coiiesponding packets CEin be performed by the packet combiner 61 2. 

The channel decoder 614 can be divided into a decoder and a CKC checker 
according to its function. The decoder receives coded bits comprised of the systematic 
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bits and the parity bits output from the packet combiner 612, and outputs desired bits by 
decoding the coded bits by a predetermined d:x:oding technique. A technique for 
receiving the systematic bits and the parity bits and decoding the systematic bits is used 
as the predetermined decoding technique. The decoding technique is determined 
5 according to the coding technique used by the transmitter. As to the decoded output bits 
Snom the decoder, a CRC added by the transmitter during data transmission is checked to 
determine whether an eiror occurs in the decoded bits. If it is determined that no error 
occurs in the decoded bits, flie channel deccxler 614 outputs Ihc decoded bits and 
iransmits to th& transmitter a response signal ACK for acknowledging receipt of the bits. 

10 However, if it is determmed that an en"oi occurs m the decoded bits, the channel decoder 
614 transmits to die transmitter a response signal NACK for requesting retransmission of 
the bits. The buffer in the packet combiner 612 is either initialized or maintains the 
current state according to the transmitted response signal ACK/KACK. That is, when the 
ACK signal is transmitted* the buffer is initiitlized to receive new paicket, and when die 

15 NACK signal is transmitted, the buffer maintains its current state to prepare for 
combining with a retransmitted packet. 

Before a detailed description of preferred embodiments of the present invention, 
a brief description will be made of the embodiments hereui below 

A first embodiment proposes a transmitter and a receiver for supportmg a 
modulation technique having a lower modulation oider than the modulation technique 
used at initial transmission during retransmission in a CDMA mobile communication 
system supporting a coding rate of 1/2 and the Pllt-type HARQ. For exumple, 1 6QAM is 
25 used as a modulation technique for initial transmission, ajid QPSK is used as a 
modulation technique for retransmission. Specifically, this embodiment proposes a 
method for selecting transmission data accordmg to the changed modulation technique 
during retransmissioii, and a metiiud foi efficiently combLning the transmitted data. 
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A second embodiment proposes a transmitter and a receiver for supporting a 
modulation technique having a lower modulation order than the modulation technique 
used at initial transmission during retransmission in a CDMA mobilt; communication 
system supporting a coding rate of 3/4 and the PIR-lype HARQ. For example, 16QAM is 
5 used as a modulation technique for initial transmission, and QPSK is used as a 
modulation tochnique for retransmission. Specifically, this embodiment proposes a 
method for selecting transmission data according to the chained modulation technique 
during retransmission^ and a method for efficiently combining the transmitted data. 

10 A third embodiment proposes a transmitter and a receiver for supporting a 

modulation technique having a lower modulation order than the modulation technique 
used at initial transmission during retransmission in a CDMA mobile communication 
system supporting a coding rate of 1/2 and the FIR-type HARQ. For example, 1 6QAM is 
used as a modulation technique for initial transmissiun, and QPSK is used as a 

15 modulation technique for retransmission. Specifically, this embodiment proposes a 
method for selecting transmission data according to the changed modulation technique 
during retransmission, sid a method for efficiently combining the transmitted data. 

A fourth embodiment proposes a transmitter and a receiver for supporting a 
20 modulation technique having a lower modulation order than the modulation technique 
used at initial transmission during retransmission in a CDMA mobile communication 
system supporting a coding rate of 3/4 and the FIR-iype HARQ. For example, 16QAM is 
used as a modulation technique for initial transmission, and QPSK is used as a 
modulation technique for retransmission. Specifically, this embodiment proposes a 
25 method for selecting transmission data according to the changed modulation technique 
during retransmissioii, and a method for efficiently combining the transmitted data. 

A fifth embodiment proposes a transmitter and a receiver for supporting a 
modulation technique having a lower modulation order than the modulation technique 
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used at initial transmission during retransmission in a CDMA mobile communication 
system supporting a coding rate of 1/2 and the CC-type HARQ. For example, 16QAM is 
used as a modulation technique for initial transmission, and QPSK is used as a 
tnodulation technique for retransmission. Specifically, this embodiment proposes a 
5 method for selecting transmission data according to the changed modulation technique 
during retransmission, and a method for efficiently combining the transmitted data. 

A sixth embodiment proposes a transmitter and a receiver for supporting a 
modulation technique having a lower modulation onJei than the modutation technique 

10 used at initial transmission during retransmission m a CDMA mobile communication 
system supporting a coding rate of 3/4 and the CC-type; HAR.Q. For example, 1 6QAM is 
used as a modulation technique for initial transmission, and QPSK is used as a 
modulation technique for retransmission. Specifically, this embodiment proposes a 
method for selecting transmission data accordmg to the changed modulation technique 

1 5 during retransmission, and a method for efficiently combining the transmitted data. 

Now, a description of the embodiments will be given with reference to the 
accompanying drawings. 

20 First, reference will be made to an amount of data to be actually transmitted in 

the case where a modulation technique is changed during retransmission in the 
embodiments. Tf a modulation technique at initial transmissdon is defined as Mi, a 
modulation technique at retransmission as H, the number of data bits transmitted at 
initial transmission as D^, and the number of data bits that must be transmitted during 

25 retransmission as D,, the following relations are given 



a^^^-r. (1) 

log. A/, 
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In Equations (1 ) and (2), a parameter M; or Mr corresponding to each modulation 
technique is set to 64 for 64QAM, 16 for 16QAM, aiid 4 for QPSK. Therefore, if a 
^ modulation technique at initial transmission is 16QAM and a modulation technique at 
retransTnission is QPSK in th€! embodiments, it is noted from Equation (1) that an amount 
of data ihat can be retransmitted is no more than 1/2 tiic amount of data transmittied at 
initial transmission, hi Equation (1), a indicates a ratio of an amount of data that can be 
retransmitted to an amount of data tranamitted at initial transmission. If the a is 
10 calcidated, the amount of data to retransmitted is calculated by substituting the ot and 
the Ds into Equation (2). 

1 ■ First Embodiment (coding rate 1/2. PIR) 

hi the first embodiment, a coding rale is 1/2 and PIR is used as the HARQ. In 
15 addition, it is assumed that modulation techniques at initial transmission and 
retransmission are 16QAM and QPSK, respectively. Further, it is assumed that the 
number of Walsh codes used at retxansmission is equal to the number of Walsh codes 
used at imtial transmission. 

^0 In this embodiment^ only three parity sub-packets will be taken ijito consideration, 

for tlie sake of convenience. In each table illustrated in FKJs. 7 to 11 B, ''O" means a sub- 
packet transmitted when a modulation technique at retransmission is identical to a 
modulation technique at retransmission, while "X" represents a sub-packet selected when 
a modulation technique is changed at retransmission according to an embodiment of the 

25 present invention. 

FIG 7 illustrates sub-packets that can be selected when a modulation technique is 
changed during retransmission in the retransmission mask section 406 of FIG. 4 or the 
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packet selector 510 of FIG 5. 

First, a description will be made of five diifercnt cases of FIG 7 where the same 
modulation technique is used at both initial transmission and retransmissioiu In FIG 7, 
5 sub-packets transmitted at the initial transmission and the retransmission are represented 
by **0 " In this case, a method of exchanging messages between a Node B and a UE is 
ilkistrated in FIG 14. 

Since the coding rate is 1/2 and PIR is used as the HARQ, a systematic sub- 
10 packet and a panty sub-packet transmitted at each trdnsmission are identical to each other 
in size. That is, sub-packets {S,F1) are transmitted at initial transmission, and the sub- 
packets arc transmitted in the order of (S,P2) and (S,P3) at retransmissions. Here, the PI, 
P2 and P3 represent redundancy parity sub-packets, and the types of possible redundaacy 
parity sub-packets can be variously determined according to a coding rate and a 
15 nunctuiing pattern of a turbo encoder in use. Upon receiving the initially transmitted and 
retransmitted systematic sub-packets and parity sub-packets, a receiver in the UE 
performs combining between the same systematic sub-packets or between the same parity 
sub -packets. This is illustrated in PIG 14, In addition, the receiver performs combining 
between the sub-packets represented by "O" or "X** in the same row of each table 
20 illustrated in FIG 7. 

Although the sub-packets to be transmitted by the transmitter can be selected in 
various ways according to an embodiment of the present inveutioii, FIG. 7 shows only 5 
typical examples. 

25 

Case 1 shows a method of retransmitting only systematic sub-packets for 
combining while ignoiing redundancy parity sub=packets, even though the HARQ type is 
PIR.. Case L is disadvantageous in that it cannot develop strong points of the PIR in terms 
of a valid coding gain, but it can remarkably mcrease a combining gain of the systematic 
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sub-packets. In addition. Case 1 contributes to simplification of a hardware struciure, 
since it operates as if the HARQ type were CC. 

Case 2 shows a method of selecting a systematic sub-packet for coded bits ouLput 
5 from a puncturer and all generated redundancy parity sub-packets during retransmission. 
Case 2 is advantageous in that iL can obtain boHi a combining sain for the systematic sub- 
packet and a coding gain for transmission of different redundancy prnity sub-packets. 

Case 3 shows a method of alternately selecting a syste^matic sub-packet and 
10 different redundancy parity sub-packets at each retransmission, and transmiiting the 
selected sub-packets. Case 3 can compensate a gain, as it increases a combining gain for 
the systematic sub-packet, Here, it should be noted in all the foregoing and following 
cases that a modulation technique for retransmission is QPSK, Of course, if the 
modulation technique at initial transmission was 64QAM, a modulation technique for 
15 retransmission will become 16QAM, a modtilation technique having a one-step lower 
modulation order than 64 QAM Case 3 can also be realized in ifie similar method as the 
forgoing and following Cases. 

In Case 2 and Case 3, a process of exchanging messages between a Node B and a 
20 IJE IS described in FIG 15. Referring to FIG 15, a Node B transmits a systematic sub- 
packet S and a parity sub-packet PI by 16QA1VI. Upon receiving NACK from a UE in 
response to the transmitted sub-packets, the Node D retransmits only the systematic sub- 
packet S by QrSK. However, upon receiving NACK agab from the UE in response to 
the retransmitted systematic sub-packet S, the Node B retr^smits a parity sub-packet P3. 
25 Thereafter, upon receiving NACK from the UE once more, the Node B retransmits the 
parity sub-packet P2 in Case 2, and the systematic sub-packet S in Case 3 

The three Cases stated above provide a method of selcctmg a sub-packet among 
coded bits punctured by a puncturer according to the HARQ type, so Lhey can use both 
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the transmitter of FIG 4 and the transmitter of FIG 5. iti addition, the retransmissiun 
mask section 406 and the nuncturer 404 of FIG 4 can be realized cotribined or separate, 
making it possible to flexibly cope with a change in a hardware stmcture. 

5 Unlike this. Case 4 and Case 5 provide a method of sequentially transmitting a 

systematic sub-packet and parity sub-packets regardless of the order of sub-packets to be 
originally transmitted in the PIR in use. 

Specifically, Case 4 provides a method of starting retransmission beginning at the 
1 0 s>'5tcmatic sub-packet, and ia identical to Cases 2 except there is a difference in the order 
Case 5 provides a method of sequentially starting retransmission beginning at the first 
redundancy parity sub-packet PI . Case 4 and Case 5 can increase a codins gain by taking 
all redundancy parity sub^ackets into consideration. In addition, Case 4 and Case 5 are 
advantageous in that scheduling on the sub-packets to be traasmitted is simphfied. In the 
1 5 transmitter of FIG 4, Case 4 and Case 5 can be realized by uniting the punctuifir 404 and 
the retransmission mask section 406. Meanwhile, in the transmitter of FIG 5, Case 4 and 
Case 5 can be realized by modifying a puncturing pattem. 

2. Second Embodtment f coding rate 3/4, PIR") 
20 When a coduig rate is 3/4, systematic bits among output bits of a mrbo 

encoder are 3 times greater in number than panty bits. In order to show a unit of a 
transmission packet, a systematk packet is divided into same-sized sub-packets S(1X 
S(2) and S(3X for the sake of convenience. Further, it is assumed in this embodiment that 
the number of parity sub-packets PI , P2 and P3 is 3, for the sake of convenience. 

25 

Shown in FIG 8 are sub-packets that can be selected by the retransmission mask 
section 406 of FIG 4 or the packet selector 5 1 0 of FIG 5 when a modulation technique is 
changed during retransmission, and sub-packets that can be selected when the modulation 
techniiiue is not changed In each tabic of FIG 8, "O" represents sub-packets transmitted 
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when a modulaiion technique used at retransmission is identical to the modulation 
technique used at initial transmission, while "X" represents sub-packets selected when a 
modulation technique is changed during retransmission according to an embodiment of 
the present invention. 

5 

First a desciiptioo will be made of 4 cases shown in FIG. 8, where the same 
modulation technique is used at both initial transmission and retransmission. In FIG 8, 
sub^iackets transmitted at initial transmission and retransmission are repiesented by "O." 

10 Since the coding rate is 3/4 and PIR is used as the HARQ, a systematic sub- 

packet transmitted at each transmission is 3 iimes greater in size than a parity sub-packet. 
Therefore, the sub-packets are transmitted in the order of 8(1), S(2), S(3), PI at initial 
transmission, and in the order of S(l), S(2X 3(3), P2 and S(l), S(2), 5(3), P3 at 
rctransmissioa Here, PI, P3 represent redundancy parity sub-packets, and the types 

15 of possible redundancy parity sub-packets can be variously determined according to a 
coding rate and a puncturing pattern of a turbo encoder in use. Upon receiving the 
initially transmitted and retransmitted systematic sub-packets and parity sub-packets, a 
receiver in the UE performs combining between the same systematic sub-packets or 
between the same parity sub-packets The receiver peifonns combining between the sub- 

20 packets represented by *C or "X" in the same row of each table illustrated m FIG 8. 

Although the sub-packets to be transmitted by the transmitter can be selected in 
various ways in the case where a modulation technique is changed according to an 
embodiment of ihe present invention, FIG 8 shows only 4 typical examples. In FIG. 8 
25 also, 16QAM is used as a modulation technique for initial transmission and QPSK is used 
as a modulation technique for retransmission. 

Casf^ 1, being identical to Case I of FIG 7, shows a method of retransmitting 
only systematic sub-packets for combining while ignoring redundancy parity sub-packets. 
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even though the HARQ type is PIR. Case 1 can remarkably increase a combinuig gam of 
the systematic sub-packets. In addition. Case 1 conUibutes to simplification of a hardware 
stiucture Here, since the coding rate is 3/4, it is not passible to transmit the flill 
systeanatic sub-packet at once. Therefore, the sub-packets are successively transmitted in 
5 the order of {S(1),S(2)}, {S(2XS(3)}, and {S(1),S(3)}. 

Case 2 provides a method of selecting systematic sub-packets for coded bits 
output from a puncturer and all generated redundancy pm^ity sub-packets during 
retransmission Case 2 is advantageous in that it can obtain both a combining gain for the 
10 systemalic sub-packet and a coding gain for transmission of different redundancy parity 
sub^ackeis. During retransmission based on Case 2, the sub-packets are successively 
transmitted in the order of {S(1).S(2)}, {S(3),P3}, {S(0,P1 }, {S(2),P2}, and {S(l),S(3)}. 

Case 3 shows a method of alternately selecting a sysLematiu sub-packet and 
15 different redundancy parity sub-packets at each retransmission, and transmitting the 
selected sub-packets. Case 3 increases a combining gain of the syslematic sub-packets. 
During retransmission based on Case 3, the sub-packets arc successively transmitted in 
the order of {S(1),S(2)}, {S(3),P3}, {S(1),S(2)}, {S(3),P2}, and {S{1),S(2)} 

20 The three Cases stated above can use botfi the transmitter of FIG. 4 and die 

transmitter of FIG 5. In addition, the retransmission mask section 405 and the puncturer 
404 of FIG 4 can be physically combined or separate, making it possible to flexibly cope 
with a change in a hardware structure. 

25 Unlike Case 1 to Case 3, Case 4 provides a method of sequentially transmitting 

systematic sub-packets and parity sub-packets regardless of the types of sub-packets to be 
originally transmitted. During retransmission based on Case 4, the sub-packets are 
sequentially transmitted in the order of {S(1),S{2)}, {S(3XPrj, {S(1),P2}, {S(2),P1}, 
{S(3),3(l)}. Case 4 can increase a coding gain by taking all redundancy parity sub- 
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packets into consideration. Tn addition. Case 4 is advantageous in that scheduling on the 
sub-packets to be transmitted is simplified. Case 4 can be realized by uniting the 
puncturer 404 and the retransmission mask section 406 of FlO. 4. 

5 3. Third Embodiment (codinjz rate 1/2, FIR) 

In this embodiment, consideration will be taken into only 5 parity sijb-packcts for 
the sake of convenience. Shown in FIG 9 are sub-packets that can be selected by the 
retransmission mask section 406 of FIG 4 or the packet seloctar 510 of FIG i when a 
modulation technique is changed during retransmission according to tiie third 

10 embodiment In each table of FIGs. 9 A and 9B, "O" represents sub-packets transmitted 
when a modulation technique used at retransmission is identical to the modulation 
technique used at initial transmission, while "X" represents sub-packets selected when a 
modulation technique is changed during retransmission according to an embodiment of 
the present invention. Unlike the PIR, the FIR can transmit, durmg retransmission, a 

15 systematic sub-packet aiter transmitting ail redundancy parity sub-packets. 

First, a description will be made of 6 cases shown in FIG 9, where the same 
modulation technique is us^d at both mitial transmission and retransmission. In FIQ 9, 
sub-packets transmitted at initial transmission and retransmission are represented by "O." 

20 

Since the coding rate is I /2 and FIR is used as the ^^ARQ, only the parity sub- 
packets are transmitted dunng retransmission. That is, at initial transmission, the sub- 
packets (S,P1) arc transmitted. At retransmission, the sub-packets are sequentially 
transmitted in the order of {P2J»3) and (P4,P5), and thereafter, the sub-packets are 
25 transmitted again begirming at (S,P1). Therefofe, a method of selecting tiie sub-packets 
during retransmission is somewhat different. Althoup^ there are many types of the parity 
sub-packets, consideration will be taken into only 5 parity sub-packets for the sake of 
convenience. In FIG 9, PI, P2, P3, P4 and P5 represent redundancy parity sub-packets, 
and the types of possible redundancy parity sub-packets can be variously determined 
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according to a coding rate and a puncturing pattern of a turbo encoder in use. Although 
ther« are raany methods of generating redundancy parity sub-packots, the present 
invention proposes a metUod of defining outputs of two convolutional encoders in a tuibo 
encoder as a transmission pair That is, in the retmnsmission packets (P2J*3) and (P4^5), 
5 P2 and P4 ai€ comprised of parity bits ( Y 1 and Y2 of FIG 2) output from a first encoder 
in the tu±o encoder, while P3 and P5 aie comprised of parity bits (Zl and Z2 of FIQ 2) 
output from a second encoder in the turbo encoder. Here, P2 and P4 output from the same 
encoder are different redundancies, and P3 and P5 are also diiFerent redundanciess. In this 
manner, the selected retransmission redundancy parity sub-packets can serve as typical 

10 parity sub-packets for all systematic bits. Upon rccBiving the initially transmitted and 
retransmitted systematic sub-packets and parity sub-packets, a receiver in the UE 
performs combining between the same systematic sub-packets or between the same parity 
subniackets. However, as the FIR can transmit, during retransmission, die systematic sub- 
packet after transmittii^ all redundancy parity sub-packets, the combining is performed 

15 after the redundancy parity sub-packets are all transmitted. Tn addition, the receiver 
performs combining between the sub-packets represented by "O^" or ''X" in the same row 
of each table illustrated in FIG 9, 

Although the sub -packets to lie transmitted by the transmitter can be selected in 
20 various ways, FIG. 9 show only 6 typical examples, hi FIG. 9 also, 16QAM is used as a 
modulation technique for initial transmission and QPSK is used as a modulation 
technique for retransmission. 

Case I provides a method of alternately selecting all redundancy parity sub- 
25 packets during retransmission, and can fully utilize an original coding gain of the FIR. Of 
course, as QPSK is used during retransmissioii, an amount of data that can be 
retransmitted is no more than 1/2 the amount of data transmitted at initial transmission. 
Therefore, the transmission time should be doubled in order to transmit all redimdancy 
parity sub-packets. However, since the redundancy parity sub-packets transmitted at each 
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retransmission have much greater reliability, it is possible to sufficiently compensate fur a 
decrease in the coding gain. That is, a transmission method bused on Case 1 sacrifices 
one half of the coding gain of the FIR, but it is possible to obtain an improved gain by 
changing a modulation technique. In Case 1, the sub-packets (S^l) are transmitted at 
5 initial transmission, and the sub-packets P2, P4, S, P3 and P5 are sequentially transmitted 
at retransmission. 

Case 2 is similar to Case 1 . In Case 1 , sub-packets P2 and P4 are first transmitted 
and sub-packets P3 and P5 are transmitted later. However, in Case 2, the sub-packets are 

1 0 transmitted in the order of P2, P5, P3 and P4 The reason is because as the sub-packets P2 
and P4 are outputs of the first convolutional encoder in the tu±o encoder and the sub- 
packets P3 and P5 aie outputs of the second convolutional encoder, it is necessary to 
alternately transmit the sub-packets in order to fully utilise the characteristics of the turbo 
encoder. In Case 2, the sub-packets (S,P1) are transmitted at initial transmission, and the 

1 5 sub-packets are transmitted in the order of P2, P5, S, P3 fflid P4 during retransmission. 

Unlike Case I, Case 3 provides a method of continuously retransmitting only a 
part of the redundancy parity sub-packets, and can obtain a gain by allowing combining 
between transmitted parity sub-packets^ though it doss not retransmit all redundancy 
20 parity sub-packets. In addition, Case 3 contributes to simplification of realization. In Case 
3, the sub-packets (S,P1) are mitially transmitted, and the sub-packets are sequentially 
transmitted in the order of P2, P4, S, P2 and P4 during retransmission. 

Like Case 2, Case 4 limits the transmission parity sub-packets In Case 2 to P2 
25 and P5 in order to utilize the characteristks of the turbo encoder. In Case (4), the sub- 
packets (SJ*!) are initially transmitted, and the sub packets are sequentially transmitted 
in the order of P2, P5, S, P2 and P5 during retransmission. 

Case 1 to Case 4 can use both the transmitter of FIG 4 and the transmitter of FIG 
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5 Tn addition, the retianstnission mask section 406 and the puncturer 404 of FIG. 4 can 
be physically combined or separate, making it possible to flexibly cope with a change in a 
hardware stmcturt-, 

5 Case 5 and Case 6 provide a method of sequentially iransmitting all redutidancy 

parity siib-packels in order to obtain a coding gain of the FIR. Case 5 provides a method 
of starting retransmission beginning at a systematic sub-packet^ and Case 6 provides a 
method of starting retransmission beginning at a parity sub-packet. Case 5 and Case 6 are 
advantageous in that they can be simply reali:/:ed. However, in Case 5 and Case 6, a 
1 0 puncturing pattern different from the original puncturing pattern for the FIR must be used. 
Therefore, scheduling on sub-packet selection is performed by firmly uniting the 
puncturer 404 and the retransmission mask section 406 in tlie transmitter of FIG 4, and 
when the transmitter of FIG 5 is used. Case 5 and Case 6 can be realized by changing the 
puncturing pattern of the puncturer 504. 

15 

4. Fourth Embodiment (coding rate 3/4, FIR) 

When a coding rate is 3/4, systematic bits among the output bits of a turbo 
encoder are 3 times larger in number ^lan parity bits. In ordsr to show a unit of a 
transmission packet, a systematic packet is divided into same-sized sub-packets S(l), 

20 S(2) and S(3), for the sake of convenience. Therefore, the sub-packets are transmitted in 
the order of S(l), S{2), 8(3), PI at initial transmission, and in the order of (P2,P3) and 
(P4^5) at retransmission. Here, the sub-packet PI is equal in size to tJie sub-packets S(l). 
S(2) and S{3X and the sub-packets P2, P3, P4 and P5 are two times larger in sux than the 
sub-packet PI . Also, 16QA1VI is used as a modulation technique for initial dransmission 

23 and QPSK is used as a modulation technique foi retransmission. FIG 10 show methods 
of selecting transmission sub-packets when a modulation technique is changed during 
retransmission. 



Case I provides a method of alternately selecting all redundancy parity sub- 



(6 8) )03-229813 (P2003-229813A) 



packets during retransmission. That is, Case 1 selects the sub-packets in the order of P2, 
P4, P3 and P5 during retransmission. Case 1 can fully utilize an original coding gain of 
the FIR. Of course, as QPSK is used during retransmission, an amount of data that can be 
retransmitted is no more than 1/2 the amount of data transmitted at initial transmission. 
5 Therefore, the transmission time shcfuld be doubled in order to transmit all redundancy 
parity saib-packets. However, since the redundancy parity sub-packets transmitted at each 
retransmission have much greater reliability, it is possible to sufficiently compensate Tor a 
decrease in the coding gain. Further, it is possible to obtain an improved gain by changing 
a modulation technique. 

10 

Case 2, though similar to Case 1 , transmits the sub-packets in the order of P2, P5, 
P3 and P4, while Case 1 first (xansmits the sub-packets P2 and P4, and next transmits the 
sub-packets P3 and P5 . The reason for transmitting the sub-packiets in the manner of Case 
2 is as follows. As stated above, since the sub-packets P2 and P4 are oulputs of the first 
15 convolutional encoder of the turbo encoder and the sub-packets P3 and P5 are outputs of 
the second convolutional encoder, it is preferable to altcsmately transmit the sub-packets 
in order to fiilly utilize the chamcterislics of the turbo encoder. 

Unlike Case 1, Case 3 provides a method of retransmiuing only a part of the 
20 lediindancy pai ity sub-packets. That is. Case 3 repeatedly transmits the sub-packets P2 
and P4. Therefore, although Case 3 docs not retransmit all redundancy parity sub-packets, 
it enables combining on the transmitted sub-packets, thereby obtaining a combining gain, 
hi addition. Case 3 is advantageous in that it can be simply realized. 

25 Lrke Case 2, Case 4 restricts the transmission parity sub-packets to P2 and P5 in 

order to utilize the characterbtics of the turbo encoder That is. Case 4 repeatedly 
transmits the sub-packets P2 and P5. 

Case 1 to Case 4 can use both the transmitter of FIG 4 and the transmitter of FIG 
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5. In addition, the reti^ismission mask section 406 and the puncLurer 404 of FTG. 4 can 
be physically combined or separate, making it possible lo flexibly cope with a change in a 
hardware stnicture, 

5 Case 5 and Case 6 provide a method of sequentially transmitting all redundancy 

parity sub-packets in order to obtain a coding gain of the FIR. Case 5 starts 
retransmission from the systematic sub-pacfcets, and Case 6 starts retiansmission from the 
parity sub-paekets. Case 5 and Case 6 are advantageous in that they can be simply 
realized. However, an independent puncturing pattern diifFcrent from the original 
10 puncturing pattern for the FIR must be used. Therefore, scheduling on sub-packet 
selection is performed by tlrmly uniting the puncturcr 404 and the retransmission mask 
section 406 ic the traiismitter of FIG 4, and when the transmitter of FIG 5 is used. Case 5 
and Case 6 can be realized by changing the puncturing pattern. 

15 5. Fifth Embodiment f coding rate 1/2. CC\ 

FIG 11 A illustrates a method of selecting sub-packets when CC is used as the 
HARQ. When a coding rate is 1/2, systematic sub-packets and parity sub-packets are 
transmitted in the same ratio, and the same sub-packets as those transmitted at initial 
transmission are transmitted even at each retransmission, contributing io simplified 

20 realization. 

Case 1 provides a method of alternatively selecting systematic sub-packets and 
parity sub-packets during retransmission, so that the systematic sub-packets and the 
parity sub-packets are all combined, thereby increasing its performance gain. 

25 

Unlike Case 1. Case 2 provides a method of retransmitting only the systematic 
sub" packet. Case 2 is advantageous in that it can be simply realized. 

6. Sixth Embodiment (codmg rate 3/4. CC^ 
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FTG 1 IB illustrates another method of selecting sub-packets when CC is used as 
the HARQ. When a coding rate is 3/4, 3 systematic sub-packets S 1 , S2, S3 and one parity 
sub-packet P are generated, and the same sub-packets as those transmitted at initial 
traiistnission arc transmitted even at each retransmisaion, contributing to simplified 
5 realization. 

Case 1 provides a method of alternatively selecting tiie 4 siub-packets S(l), S(2), 
S(3X and P during retransmission, so that the systematic sub=packet and the parity sub- 
packets are all combined sequentially, thereby increasing its performance gain. 

10 

Unliko Case 1 , Case 2 provides a method of retransmitting only the systematic 
sub-packet. Case 2 is simpler than Case 1 in its realization, but lower than Case 1 in 
performance. 

15 FKis. 1 5 and 16 illustrate processes of exchanging messages between a Node B 

and a UE in a mobile communication system supporting the IR-type HARQ. Specifically, 
FIG. 1 5 illustrates the process m a mobile communication system supportms the PIR, and 
FIG. 1 6 illustrates the process in a mobile communication system supporting the FIK. In 
either case, a coding rate of 1/2 is used In FIGs 15 and 16, the systematic sub-packet S 

20 is identical in size to the parity sub-packets PI, P2 and P3. For reference, shaded blocks 
and blocks drawn by a sohd line represent sub-packets that can be transmitted, while 
blocks drawn by a dotted line represent siib-packets that cannot be transmitted when a 
changed modulation technique is used. 

25 Firat, FIG 1 5 ilhistmies the processes for Case 2 and Case 3 of FIG V. In bric£ at 

initial transmission, a Node B transmits all data packets (S,P1) by IGQAM. Upon 
receiving a retransmission request NACK from a UE, the Node B selects only a 
systematic sub-packet S among the sub-packets (S,P2) and retransmits ihc selected 
systematic sub-packet S by QPSK. At this point, the UE combmes the systematic sub- 
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packet previously transmitted by the 16QAM with the systematic sub-packet 
retransmitted by the QPSIC, increasing decoding efficiency However, if a CRC error 
occurs, the UE agam transmits a retransmission requesl MACK to the Node B. The Node 
B then selects a parity sub-packet P3 instead of the systematic sub-packet S among the 
5 sub-packets (S,P3) that can be tiansmitted, and transmits the selected parity SLib-packet 
P3 by QPSK. Therefore, the UE poifoniis dcoodiiifi on the combined systematic sub- 
packet and two parity sub-packets PI and P3, increasing decoding performance. 

Next, FIG 16 illustrates the process fur Case 2 shown for FIQ 9. In brief, at 
10 initial transmission, a Node B transmits all data packets (S,P1) by 16QAM. Upon 
recoiving a retransmission request NACK from a UH, the Node B selects only a parity 
sub-packet P2 among the sub-packets {P2,P3) and retransmits the selected panty sub- 
packet P2 by QPSK. At this point, the UE combines the sub-packets (S,P1) previously 
transmitted by die 16QAM with the parity sub-packet P2 rtiitTHnsraitttsd by the QPSK, 
15 increasing decoding efliciency However, if a CRC error occurs^ the UE again transmits a 
retransmission request NACK to the Node B. The Node B then selects a parity sub- 
packet P5 among the sub-packets (P4,P5) that can be transmitted, and transmits the 
selected parity sub-packet 95 by QPSK. Therefore, the UE perfoims decoding on the 
systematic sub-packet S and three parity sub-packets PI, P2 and P5, increasing decoding 
20 performance. 

FIGs. 17 and 18 illustrate processes of exchanging messages betwveen a Node B 
and a UE in a mobile communication system supporting the CC-type HARQ. Specifically, 
FIG 17 illustrates the process in a mobile communication system supporting a coding 
25 rate of 1/2, and FIQ 18 illustrates die process in a mobile communication system 
supporting a coding rate of 3/4. In the CC, the sama packets are transmitted at both initial 
transmission and reiransmission. Therefore, a process of properly selecting a sub-packet 
according to a low-order modulation technique during retransmission has a structure 
much simpler than the process in the mobile commimication system supporting the IR. 
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First, FIG. 17 illustrates the process for Case 1 of FIG 11 A. In brief, at initial 
transmission, a Node B iratismits data packets {S,P) by 16QAM, and a UE checks CRC 
of the transmitted data packets using a tmbo encode. If a CRC error occurs, the UE 
5 transmits a retransmission request NACK to the Node B. Upon receiving the 
TCtransmission request NACK, the Node B transmits a systematic sub-packet S among 
the data packets (S,P) by QPSK, a inodidation technique having a lower modulation order 
than the 16QAM used at the initial transmission. At this pointy the UE combines tha 
initially transmitted systematic sub-packet with the retransmitted systematic sub-packet. 
10 Here, sincR the retransmitted systematic sub-packet was transmitted by QPSK, the 
combining effect is improved. If NACK is received again from the UE, the Ncxie B 
transmits the paiity sub=packet P among the data packets (S,P) by QPSiC, so the 
combining effect on the data packets (S,P) at the UE is maximized. 

15 Next, FIG. IS illustrates the process for Case I of FIG. 11 B. The prucess is equal 

to the process of FIG. 17 except the iiize of the sub-packsts S and P because of the coding 
rate of 3M, so a detiiiled description v^ill not be provided. 

As described above, the present invention provides a method for changing a 
20 modulation technique to a low-order modulation technique during retransmission 
regardless of a selected modulation technique in a high-speed radio packet data 
conimunication system supporting AMCS and HARQ, Further, the present invention 
provides a system for remarkably increasing reliability for LLR values of input bits 
applied to a turbo decoder by selectively transmiitins sub-packets with higher priority 
25 when retransmitting only a part of an initially transmitted packet by the changed 
modulation technique. Therefore, the novel system has a low frame error rate compared 
to the existing system, increasing transmission efficiency. The mvention can bs applied to 
all kinds of transceivers in a wire/wireless commimication system. In addition, the 
present invention, if apphed to the HSDPAand IxEV-DV proposed by 3GPP and 3GPP2, 

can improve the entire system performance. 

AVhile the invention has been shown and describe with reference to a certain 
pic&rred embodiment thereof, it wiU be understood by those skilled in the ait that 
5 various changes in form and details may be made therein without departing from tiie 
spirit and scope of the invention as defintid by the appended claims. 
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4 Brief Description of Drawings 

FIG. I illustrates a stmcLiire of a transmitter m a conventional CDMA mobile 
commimicatiofi system for high-speed data transmission; 

FIG 2 illustrates a detailed structure of the channel encoder in FIG 1 ; 

FIG 3 iUuslmtes a structure of a receiver coTrasponding to the transmitter of FIG 

1; 

FIG 4 illustrates a stmcLurc of a transmitter in a CDMA mobile CQHimuniGaEion 
system aocarding to an ombodiment of the present invention; 
5 FIG 5 illustrates a structure of a transmiticr for a CDMA mobile cotmnunicacion 

system according to another embodiment of die jirsseni invention; 

FIG 6 illuslrates a structure of a receiver corresponding to the transmitter of FIG 
5, according to an embodiment of the present invention ; 

FIG 7 illustrates a method of selecting tiansmission data packets by the 
10 transmitter of FIG. 4 or FIG 5 during retransmission, when a coding raie is 1/2 and PIR is 
used as HARQ; 

FIG 8 illustrates a method of selecting transmission data packets by the 
transmitter of FIG 4 or FIG 5 during reiranstnission, when a coding rate is 3/4 and PIR is 
used as HARQ, 

15 FIG 9 iUustrate a mettod of selecting transmission data packets by the 

transmitter of FIG. 4 or FIG 5 during retransmission, when a coding rate is 1/2 and FIR is 
used as HARQ; 

FIG 10 illustrate a method of selecting iransmission data packets by the 
transmitter of FIG 4 or FIG. 5 during retransmission, when a coding rate is 3/4 and FlP. is 
20 used as HARQ; 

FIG llA illustrates a method of selecting transmission data packets by the 
transmitter of FIG 4 or FIG 5 during letransmission, v^hen a coding rate is 1/2 and CC is 
used as HARQ; 

FIG IIB illustiates a method of selecting transmission data packets by the 
25 tiansmitter of FIG 4 or FIG 5 during retransmissicMi, when a coding rate is 3/4 and CC is 
used as HARQ; 

FIG 12 illmtrates a process of transmitting data packets by a changed 
modulation technique in the traiismiiteir of FIG 4; 

FIG 13 illustrates a process of transmittmg data packets by a changed 
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modulatioii technique in the transmitter of FIG 5; 

FIG 1 4 illustrates a message process flow for the case where the modulatioa 
technique is not changed in a CDMA mobile communication system for high-speed data 
fransmission; 

FIGs, 15 and 16 illustrate data dransmission/reception processes iii a mobile 
cammiinication system supporttng ihe PIR; and 

FlGs. 17 and 18 illustrate data transmission/nBception processes in a mobile 
communication system suppordng the CC. 
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1 Abstract 

A method for retransmitting coded bits by a transmitter in resporse to a 
retransmission request from a receiver in a mobile conununication system. The 
method comprises determining a modulation technique to be used at 
retransmission as a modulation technique having a lower modulation order than a 
modulation technique used at initial transmission; determining a puncturing 
pattern according to an HARQ (Hybrid Automatic Repeat Request) type, and 
selecting as many coded bits as the number of coded bits that can be symbol- 
mapped by the determined modulation technique, among the coded bits 
punctured by the determined puncturing pattern; and symbol-mapping the 
selected coded bits by the determined modulation technique, and transmitting the 
symbol-mailed coded bits to the receiver. 

2 Representative Drawinfi; 
F i g , 4 



